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PATENT 

IN THE UNITED STATES PATENT J3ND TRADEiMARK OFFICE 

Patentee: I 

-IN CLWDE-MARIE DAUGAN ) 

U.S. Patent No. 5,589,006 ) 

Issue Date: January 12, 1999 i 
1 

For: TETRACYCLIC DERIVATIVES, 1 
PROCESS OF PREPARATION AND USE 1 

Assignee: ICOS Corporation i 
) 

Attorney Docket No. 27866/33751 

REQUEST FOR EXTENSION OF 
PATENT TERM UNDER 35 U.S.C. 8156 

Mail Stop Patent Extension 
Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 

Sir: 

Pursuant to Section 201(a) of the Drug Price 

Competition and Patent Term Restoration Act of 1984, 35 

U.S.C. $156, ICOS Corporation, owner of the above- 

identified patent by an Assignment recorded on July 14, 

1997, on Reel 8610, Frame 428, hereby requests an 

extension of the patent term of U.S. Patent No. 

5,859,006. The following information is submitted in 

accordance with 35 U.S.C. 156(d) and 37 C.F.R. 1.710 et 

seq. and follows the numerical format set forth in 37 

C.F.R. 51.740(a): 



(1) A complete identification of the ap- 
proved product as by appropriate chemical and generic 
name, physical structure or characteristics: 

The approved product is tadalafil which has 
the chemical name (6R,lZaR)-2,3,6,7,12,12a-hexahydro-2- 
methyl-6-(3,4-methylenedioxyphenyl)-pyrazino- 
[2',1':6,l]pyrido[3,4-blindole-1,4-dione and has the 
following structure: 

AH3 

. 

Tadalafil alternatively has the chemical name pyrazino- 
[1',2':1,6]pyrido[3,4-blindole-1,4-dione, 6-(1,3-benzo- 
dioxol-5-yl)-2,3,6,7,12,12a-hexahydro-2-methyl, 
(6R,12aR)-. Tadalafil is the active ingredient in the 
product CIALIS@ as may be seen from attached Exhibit A, 
which is the Product Information sheet for this prod- 
uct . 

(2) A complete identification of the Federal 
statute including the applicable provision of law under 
which the regulatory review occurred: 

The regulatory review occurred under Section 
505 of the Federal Food, Drug and Cosmetic Act (FFDCA), 
21 U.S.C. $301 et seq. Section 505 provides for the 
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submission and approval of new drug applications (NDAs) 
for human drug products meeting the definition of "new 
drug" under Section 201(p) of the Act. 

(3) An identification of the date on which 
the product received permission for commercial market- 
ing or use under the provision of law under which the 
applicable regulatory review period occurred: 

Tadalafil was approved by the Food and Drug 
Administration (FDA) for commercial marketing pursuant 
to Section 505 of the FFDCA on November 21, 2003. 

(4) In the case of a drug product, an iden- 
tification of each active ingredient in the product and 
as to each active ingredient, a statement that it has 
not been previously approved for commercial marketing 
or use under the Federal Food, Drug, and Cosmetic Act, 
the Public Health Service Act, or the Virus-Serum-Toxin 
Act, or a statement of when the active ingredient was 
approved for commercial marketing or use (either alone 
or in combination with other active ingredients), the 
use for which it was approved, and the provision of law 
under which it was approved. 

As stated in Sections 1, 2, and 3 above, the 
active ingredient in the product CIALIS@ is tadalafil. 
Tadalafil had not previously been approved for commer- 
cial marketing or use under the Federal Food, Drug and 
Cosmetic Act until November 21, 2003. 

(5) A statement that the application is 
being submitted within the sixty-day period permitted 
for submission pursuant to §l.i'ZO(f) and an identifi- 
cation of the date of the last day on which the appli- 
cation could be submitted: 

The product was approved on November 21, 2003 
and the last day within the sixty-day period permitted 
for submission of an application for extension of a 
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patent is January 20, 2004. As evident from the Cer- 
tificate of Mailing by "Express Mail" pursuant to 37 
C.F.R. 1.10, this application is timely filed. 

(6) A complete identification of the patent 
for which an extension is being sought by the name of 
the inventor, the patent number, the date of issue, and 
the date of expiration: 

Inventor: Alain Claude-Marie Daugan 
U.S. Patent No. 5,859,006 
Issue Date: January 12, 1999 
Expiration Date: January 12, 2016 

(7) A copy of the patent for which an exten- 
sion is being sought, including the entire specifica- 
tion (including claims) and drawings: 

B. 
A copy of the patent is attached as Exhibit 

(8) A copy of any disclaimer, certificate of 
correction, receipt of maintenance fee payment, or re- 
examination certificate issued in the patent: 

A copy of a Certificate of Correction issued 
by the U.S. Patent Office on September 28, 1999 is 
attached as Exhibit C. A copy of a Request for 
Certificate of Correction Under Rules 322(a) and 323, 
mailed to the U.S. Patent Office on December 17, 2003, 
is attached as Exhibit D. 
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(9) A statement that the patent claims the 
approved product or a method of using or manufacturing 
the approved product, and a showing which lists each 
applicable patent claim and demonstrates the manner in 
which each applicable patent claim reads on the ap- 
proved product or a method of using or manufacturing 
the approved product: 

The patent claims the approved product, which 
is (6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4- 
methylenedioxyphenyl)-pyrazino[2',1':6,1Jpyrido[3,4- 
b]indole-1,4-dione. Claims 1-4, 6-8, and lo-13 of the 
patent claim tadalafil. The approved product is in the 
form of a free base, which is identified at column 36, 
lines 50-67 continuing to column 37, lines 1-14. Thus, 
the approved product is specifically embraced by claim 
13 of the patent. Claim 13 of the patent claims 
(6R,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4- 

methylenedioxyphenyl)-pyrazino[2',l':6,1lpyrido[3,4- 
blindole-1,4-dione, which is the approved product. 
Accordingly, claims 1-4, 6-8, and lo-13 all read on the 
approved product. 

(10) A statement, beginning on a new page, of 
the relevant dates and information pursuant to 35 
U.S.C. §156(g) in order to enable the Secretary of 
Health and Human Services or the Secretary of Agricul- 
ture, as appropriate, to determine the applicable reg- 
ulatory review period as follows: 

(i) For a patent claiming a human drug, 
antibiotic, or human biological product, the effective 
date of the investigational new drug (IND) application 
and the IND number; the date on which a new drug appli- 
cation (NDA) or a Product License Application (PLA) was 
initially submitted and the NDA or PLA number and the 
date on which the NDA was approved or the Product 
License issued; 

(ii) For a patent claiming a new animal 
drug, the date a major health or environmental effects 
test on the drug was initiated Id any available sub- 
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stantiation of that date or the date of an exemption 
under subsection (j) of section 512 of the Federal 
Food, Drug, and Cosmetic Act became effective for such 
animal drug; the date on which a new animal drug appli- 
cation (NADA) was initially submitted and the NADA 
number; and the date on which the NADA was approved; 

(iii) For a patent claiming a veter- 
inary biological product, the date the authority to 
prepare an experimental biological product under the 
Virus-Serum-Toxin Act became effective; the date an 
application for a license was submitted under the 
Virus-Serum-Toxin Act; and the date the license issued; 

(iv) For a patent claiming a food or 
color additive, the date a major health or environ- 
mental effects test on the additive was initiated and 
any available substantiation of that date; the date on 
which a petition for product approval under the Federal 
Food, Drug, and Cosmetic Act was initially submitted 
and the petition number; and the date on which the FDA 
published the Federal Register notice listing the addi- 
tive for use; 

(VI For a patent claiming a medical de- 
vice, the effective date of the investigational device 
exemption (IDE) and the IDE number, if applicable, or 
the date on which the applicant began the first clin- 
ical investigation involving the device if no IDE was 
submitted and any available substantiation of that 
date; the date on which the application for product 
approval or notice of completion of a product develop- 
ment protocol under section 515 of the Federal Food, 
Drug, and Cosmetic Act was initially submitted and the 
number of the application or protocol; and the date on 
which the application was approved or the protocol de- 
clared to be completed: 

, 
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On November 6, 1997, ICOS Corporation, the 

assignee of U.S. Patent No. 5,859,006, submitted to the 

FDA a "Notice of Claimed Investigational Exemption for 

a New Drug" (IND) under Section 505(i) of the FFDCA to 

permit the interstate shipment of tadalafil for the 

purpose of conducting clinical studies to support the 

approval of a subsequent NDA for tadalafil. A copy of 

the letter transmitting the IND to the FDA is attached 

as Exhibit E. By letter dated November 17, 1997, the 

FDA acknowledged receipt of the IND, assigned the IND 

number 54,553, and indicated that the IND would become 

effective thirty days after the date of its receipt on . 

December 10, 1997. A copy of this letter is attached 

as Exhibit F. The IND was placed on hold prior to the 

end of the thirty-day period and was released from hold 

to proceed with U.S. clinical studies in a letter dated 

July 29, 1998. A copy of this letter is attached as 

Exhibit G. This establishes the beginning of the "reg- 

ulatory review period" under 35 U.S.C. 156(g) (1) as 

July 29, 1998, the effective date of an exemption under 

Section 505(i). 

Lilly ICOS LLC submitted an NDA for tadala- 

fil, NDA 21-368, on June 28, 2001. A copy of the 

letter transmitting the NDA is attached as Exhibit H. 

The NDA submission was received by the FDA on June 29, 

2001 as indicated by Exhibit I. Thus, for the purpose 

of the "regulatory review period“ under 35 U.S.C. 

156(g) (11, June 29, 2001 is the date of initial sub- 

mission of a new drug application under Section 505 for 

tadalafil. 

The NDA described above was approved on 

November 21, 2003. Attached as Exhibit J is a letter 

3 
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dated November 21, 2003 from the FDA to Lilly ICOS LLC 

approving the NDA for tadalafil. Thus, for the purpose 
of the "regulatory review period" under 35 U.S.C. 

156 (g-1 (11, November 21, 2003 is the date of approval of 

the application for tadal.afil submitted on June 28, 

2001. 

-8- 



(11) A brief description beginning on a new 
page of the significant activities undertaken by the 
marketing applicant during the applicable regulatory 
review period with respect to the approved product and 
the significant dates applicable to such activities: 

v 
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During the applicable regulatory review peri- 

od, Lilly ICOS LLC was actively involved in obtaining 

NDA approval for tadalafil. As discussed in paragraph 

(10) above, the IND for tadalafil was submitted on 

November 6, 1997, the NDA was submitted on June 28, 

2001, and the NDA was approved on November 21, 2003. 

Lilly ICOS LLC was in close consultation with the FDA 

during the clinical studies conducted under the IND. 

Similarly, subsequent to the submission of the NDA, 

Lilly ICOS LLC had numerous contacts and meetings with 

the FDA with respect to the approval and, in fact, con- 

ducted additional studies at FDA's request to support 

the NDA approval. The description of significant ac- 

tivities undertaken by Lilly ICOS LLC with respect to 

tadalafil during the regulatory review period as set 

forth in Exhibit K is illustrative of the activities 

involved. Because Applicant is claiming less than a 

two (2) year extension, only very basic information 

regarding activities during the IND period is presented 
here but more detailed information regarding this 

period would be available upon request from the Commis- 

sioner or Secretary. 

P 

- 10 - 



(12) A statement beginning on a new page that 
in the opinion of the applicant the patent is eligible 
for the extension and a statement as to the length of 
extension claimed, including how the length of exten- 
sion was determined: 

, - 11 - 



(a) Statement of eligibility of the patent 
for extension under 35 U.S.C, 156(a): 

Section 156(a) provides, in relevant part, 

that the term of a patent which claims a product, a _ 

method of using a product, or a method of manufacturing 

a product shall be extended if (1) the term of the 

patent has not expired before an application for exten- 

sion .is submitted, (2) the term of the patent has never 

been extended, (3) the application for extension is 

submitted by the owner of record of the patent or its 

agent in accordance with 35 U,S.C. 156(d), (4) the 

product has been subject to a regulatory review period 

before its commercial marketing or use, and (5) the 

permission for the commercial marketing or use of the 

product after such regulatory review period is the 

first permitted commercial marketing or use of the 

product under the provision of law under which such 

regulatory review period occurred. 

As described below by corresponding number, 

each of these elements is satisfied here: 

(1) The term of U.S. Patent No. 5,859,006 

expires on January 12, 2016. This application has, 

therefore, been submitted before the expiration of the 

patent term. 

(2) The term of this patent has never been 

extended. 

(3) This application is submitted by the 

owner of record, ICOS Corporation (Assignment recorded 

on July 14, 1997, on Reel 8610, Frame 428). A copy of 

this assignment is attached as Exhibit L. This appli- 

cation is submitted in accordance with 35 U.S.C. 156(d) 

in that it is submitted within the sixty-day period 

L 
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beginning on the date, November 21, 2003, the product 

received permission for marketing under the FFDCA and 

contains the information required under 35 U.S.C. 

156(d). 

(4) As evidenced by the November 21, 2003 

letter from the FDA (Exhibit J), the product was sub- 

ject to a regulatory review period under Section 505 of 

the FFDCA before its commercial marketing or use. 

(5) Finally, the permission for the commer- 

cial marketing of tadalafil after regulatory review 

under Section 505 is the first permitted commercial 

marketing of tadalafil. 

This is confirmed by the absence of any 

approved new drug application for tadalafil prior to 

November 21, 2003. 

(b) Statement as to length of extension 
claimed: 

The term of U.S. Patent No. 5,859,006 should 

be extended by 679 days to November 21, 2017. This 

extension was determined on the following basis: as 

set forth in 35 U.S.C. $156(g) (1) and 37 C.F.R. 

51.775(c), the regulatory review period equals the 

length of time between the effective date of the ini- 

tial IND July 29, 1998, and the initial submission of 

the NDA June 29, 2001, a period of 1,066 days, plus the 

length of time between the initial submission of the 

NDA June 29, 2001 to NDA approval November 21, 2003, a 

period of 875 days. These two periods added together 

equal 1941 days. 

Pursuant to 35 U.S.C. $156(c) and 37 C.F.R. 

si1.775 (d) (1) (i), the term of the pater zligible for 

I 
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extension shall be extended by the time equal to the 

regulatory review period which occurs after the date 

the patent was issued. In this case, this is a period 

running from the date of patent issue, January 12, 

1999, to the date of NDA approval, November 21, 2003, a 

period of 1,774 days. 

As discussed in paragraph (11) above and as 

illustrated in Exhibit K, Lilly ICOS LLC was contin- 

uously and diligently working toward securing NDA ap- 

proval for tadalafil. As Lilly ICOS LLC acted with due 

diligence during the entire period of regulatory re- 

view, the 1,774-day period calculated above as the term 

of the patent eligible for extension should not be re- 

duced for lack of diligence under 35 U.S.C. 156(c) (1) 

or 37 C.F.R. 1.775 (d) (1) (ii). 

Pursuant to 35 U.S.C. §156(c) (2) and 37 

C.F.R. 51.775 (d)(l)(iii), this 1,774-day period is to 

be reduced by one-half of the time from the effective 

date of the initial IND July 29, 1998, or the date of 

patent issue, January 12, 1999, whichever is later, to 

the date of initial submission of the'NDA, June 29, 

2001, a period of 899 days. One-half of this period is 

449 days. Thus, the 1,774-day period is reduced by 449 

days leaving a revised regulatory period of 1,325 days. 

Pursuant to 35 U.S.C. §156(c)(3) and 37 

C.F.R. §1.775(d)(2-4), if the period remaining in the 

term of the patent after the date of approval November 

21, 2003 to January 12, 2016, a period of 4,435 days, 

when added to the revised regulatory review period 

(1,325 days) exceeds 14 years (5,113 days), the period 

of extension must be reduced so that the total of both 

such periods does not exceed fourteen years. In this 

, 
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case, the total of both such periods exceeds 14 years 
by 647 days. Therefore, the 1,325-day revised reg- 
ulatory review period must be reduced by 647 days to a 
679-day period. 

The period of patent term extension as cal- 
culated above is also subject to the provisions of 35 
U.S.C. 156(g)(4) and 37 C.T.R. 1.775(6)(5 6). The 
patent to be extended issued after clinical. evaluation 
of the approved product began after the enactment of 
the statute, September 24, 1984. Since commercial 
marketing of the drug was approved after enactment of 
the statute, the five-year maximum on extension as pro- 
vided in 35 U.S.C. §156(g)(6)[(A)][(B)][(C)] and 37 
C.F.R. §1.775(d)[(5)][(6)] is applicable. Since this 
maximum is greater than the period calculated above, 
the term of the patent is eligible for a 679-day exten- 
sion until November 21, 2017. 

(13) A statement that applicant acknowledges 
a duty to disclose to the Commissioner for Patents and 
the Secretary of Health and Human Services or the Sec- 
retary of Agriculture any information which is material 
to the determination of entitlement to the extension 
sought (See 51.765): 

Applicant acknowledges a duty to disclose to 
the Commissioner for Patents and the Secretary of 
Health and Human Services any information which is 
material to any determination of entitlement to the 
extension sought. Applicant is unaware of any such 
information other than that already presented in this 
application and attached exhibits. 
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(14) The prescribed fee for receiving and 
acting upon the application for extension (see 
51.20(j)): 

As indicated by the letter of transmittal 
submitted with this application, the Commissioner for 
Patents has been authorized to charge the filing fee of 
$1,120.00 and any additional fees which may be required 
by this or any other related paper, or credit any over- 
payment to Deposit Account No. 13-2855 in the name of 
Marshall, Gerstein and Borun and any additional fees 
which may be required. 

(15) The name, address, and telephone number 
of the person to whom inquiries and correspondence 
relating to the application for patent term extension 
are to be directed: 

Address all correspondence to James J. 
Napoli, Marshall, Gerstein & Borun, 233 South Wacker 
Drive, Chicago, Illinois 60606. 

Direct telephone calls to James J. Napoli at 
(312)474-6300. 

(16) A duplicate of the application papers, 
certified as such: 

The undersigned hereby certifies that this 
application for extension of patent term under 35 
U.S.C. 51.56, including its attachments and supporting 
papers, is being submitted with a duplicate copy 
thereof. 

(17) An oath or declaration as set forth in 
[37 C.F.R. 1.740(b)]: 

, 
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As the undersigned agent of ICOS Corporation, 

the owner of record of U.S. Patent No. 5,859,006, 

which, by submission of this paper and attached Exhib- 

its, now applies for an extension of term of this 

patent, I, James J. Napoli, declare that (1) I am a 

Patent Attorney authorized to practice before the 

Patent and Trademark Office and have general authority 

from Lilly ICOS LLC to act on its behalf in patent 

matters; that (2) I have reviewed and understand the 

contents of this application for extension of U.S. 

Patent No. 5,589,006; that (3) I believe the patent is 

subject to extension pursuant to 37 C.F.R. si1.710; that 

(4) I believe the length of extension claimed is fully 

justified under 35 U.S.C. S156 and applicable regula- 

tions; and that (5) I believe the patent for which this 

extension is being sought meets the conditions for 

extension of the term of a patent as set forth in 37 

C.F.R. S1.720. 

I further declare that all statements made 

herein of my own knowledge are true and that all state- 

ments made on information and belief are believed to be 

true; and, further, that these statements were made 

with the knowledge that willful false statements and 

the like so made are punishable by fine or imprison- 

ment, or both, under Section 1001 of Title 18 of the 

United States Code, and that such willful false state- 

ments may jeopardize the validity of the application or 

any patent extension issuing thereon. 

3 
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Respectfully submitted, 

MARSHALL, GERSTEIN & BORUN LLP 

By-2isus!~ ?5b&?& 
James J. Napoli u 
(Registration No.-32,361) 

Attorneys for Applicants 
6300 Sears Tower 
233 South Wacker Drive 
Chicago, Illinois 60606 
(312) 474-6300 

Chicago, Illinois 
January 9, 2004 

1 
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NDA 21-368 
Page 3 

CIALIS@ 
(tadalafil) 

tablets 

DESCRIPTION 
CIALIS@ (tadalafil), an oral treatment for erectile dysfunction, is a selective inhibitor of cyclic 

guanosine monophosphate (cGMP)-specific phosphodiesterase type 5 (PDES). Tadalafil has the 
empirical formula C2zHrsN304 representing a molecular weight of 389.41. The structural formula is: 

The chemical designation is pyrazino[ 1’,2’: 1,6Jpyrido[3,4-blindole-1,4-dione, 6-( 1,3-benzodioxol-5- 
yl)-2,3,6,7,12,12a-hexahydro-2-methyl-, (6R,12aR)-. It is a crystalline solid that is practically insoluble 
in water and very slightly soluble in ethanol. 

CIALIS is available as film-coated, almond-shaped tablets for oral administration. Each tablet 
contains 5, 10, or 20 mg of tadalafil and the following inactive ingredients: croscarmellose sodium, 
hydroxypropyl cellulose, hypromellose, iron oxide, lactose monohydrate, magnesium stearate, 
microcrystalline cellulose, sodium lauryl sulfate, talc, titanium dioxide, and triacetin. 

CLINICAL PHARMACOLOGY 

Mechanism of Action 
Penile erection during sexual stimulation is caused by increased penile blood flow resulting from the 

relaxation of penile arteries and corpus cavernosal smooth muscle. This response is mediated by the 
release of nitric oxide (NO) from nerve terminals and endothelial cells, which stimulates the synthesis 
of cGMP in smooth muscle cells. Cyclic GMP causes smooth muscle relaxation and increased blood 
flow into the corpus cavemosum. The inhibition of phosphodiesterase type 5 (PDES) enhances erectile 
function by increasing the amount of cGMP. Tadalafil inhibits PDES. Because sexual stimulation is 
required to initiate the local release of nitric oxide, the inhibition of PDE5 by tadalafil has no effect in 
the absence of sexual stimulation. 

Studies in vitro have demonstrated that tadalafil is a selective inhibitor of PDES. PDE5 is found in 
corpus cavemosum smooth muscle, vascular and visceral smooth muscle, skeletal muscle, platelets, 
kidney, lung, cerebellum, and pancreas. 

In vitro studies have shown that the effect of tadalafil is more potent on PDE5 than on other 
phosphodiesterases. These studies have shown that tadalafil is >lO,OOO-fold more potent for PDE5 
than for PDEl, PDE2, PDE4, and PDE7 enzymes, which are found in the heart, brain, blood vessels, 
liver, leukocytes, skeletal muscle, and other organs. Tadalafil is > 1 O,OOO-fold more potent for PDES 



NDA 21-368 
Page 4 

than for PDE3, an enzyme found in the heart and blood vessels. Additionally, tadalafil is 700-fold 
more potent for PDE5 than for PDE6, which is found in the retina and is responsible for 
phototransduction, Tadalafil is >9,000-fold more potent for PDE5 than for PDES, PDE9, and PDE 10 
and 14-fold more potent for PDE5 than for PDEl lA1, an enzyme found in human skeletal muscle. 
Tadalafil inhibits human recombinant PDEl 1Al activity at concentrations within the therapeutic 
range. The physiological role and clinical consequence of PDEl 1 inhibition in humans have not been 
defined. 

Pharmacokinetics 
Over a dose range of 2.5 to 20 mg, tadalafil exposure (AUC) increases proportionally with dose in 

healthy subjects. Steady-state plasma concentrations are attained within 5 days of once-daily dosing, 
and exposure is approximately 1.6-fold greater than after a single dose. Tadalafil is eliminated 
predominantly by hepatic metabolism, mainly by cytochrome P450 3A4 (CYP3A4). The concomitant 
use of potent CYP3A4 inhibitors such as ritonavir or ketoconazole resulted in significant increases in 
tadalafil AUC values (see PRECAUTIONS and DOSAGE AND ADMINISTRATION). Mean 
tadalafil concentrations measured after the administration of a single oral dose of 20 mg to healthy 
male subjects are depicted in Figure 1. 

500 1 

0’ 

Time (hours) 

Figure 1: Plasma tadalafil concentrations (mean + SD) following a single Xl-mg tadalafii 
dose 

Absorption - After single oral-dose administration, the maximum observed plasma 
concentration (C,,) of tadalafil is achieved between 30 minutes and 6 hours (median time of 2 hours). 
Absolute bioavailability of tadalafil following oral dosing has not been determined. 

The rate and extent of absorption of tadalafil are not influenced by food; thus CIALIS may be taken 
with or without food. 
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Distribution - The mean apparent volume of distribution following oral administration is 
approximately 63 L, indicating that tadalafil is distributed into tissues. At therapeutic concentrations, 
94% of tadalafil in plasma is bound to proteins. 

Less than 0.0005% of the administered dose appeared in the semen of healthy subjects. 
Metabolism - Tadalafil is predominantly metabolized by CYP3A4 to a catechol metabolite. The 

catechol metabolite undergoes extensive methylation and glucuronidation to form the methylcatechol 
and metbylcatechol glucuronide conjugate, respectively. The major circulating metabolite is the 
methylcatechol glucuronide. Methylcatechol concentrations are less than 10*/o of glucuronide 
concentrations. In vitro data suggests that metabolites are not expected to be pharmacologically active 
at observed metabolite concentrations. 

Elimination - The mean oral clearance for tadalafil is 2.5 L/hr and the mean terminal half-life is 
17.5 hours in healthy subjects. Tadalafil is excreted predominantly as metabolites, mainly in the 
feces (approximately 61% of the dose) and to a lesser extent in the urine (approximately 36% of the 
dose). 

Pharmacokinetics in Special Populations 
Geriatric - Healthy male elderly subjects (65 years or over) had a lower oral clearance of tadalafil, 

resulting in 25% higher exposure (AUC) with no effect on C max relative to that observed in healthy 
subjects 19 to 45 years of age. No dose adjustment is warranted based on age alone. However, greater 
sensitivity to medications in some older individuals should be considered (see Geriatric Use under 
PRECAUTIONS). 

Pediatric - Tadalafil has not been evaluated in individuals less than 18 years old. 
Hepatic Impairment - In clinical pharmacology studies, tadalafil exposure (AUC) in subjects with 

mild or moderate hepatic impairment (Child-Pugh Class A or B) was comparable to exposure in 
healthy subjects when a dose of 10 mg was administered. There are no available data for doses higher 
than 10 mg of tadalafil in patients with hepatic impairment. Insufficient data are available for subjects 
with severe hepatic impairment (Child-Pugh Class C). Therefore, for patients with mild or moderate 
hepatic impairment, the maximum dose should not exceed 10 mg, and use in patients with severe 
hepatic impairment is not recommended (see DOSAGE AND ADMINISTRATION). 

Renal hs@ciency - In clinical pharmacology studies using single-dose tadalafil(5 to 10 mg), 
tadalafrl exposure (AUC) doubled in subjects with mild (creatinine clearance 5 1 to 80 r&/mm) or 
moderate (creatinine clearance 3 1 to 50 mL/min) renal insufficiency. In subjects with end-stage renal 
disease on hemodialysis, there was a two-fold increase in C,, and 2.7- to 4. l-fold increase in AUC 
following single-dose administration of 10 or 20 mg tadalafil. Exposure to total methylcatechol 
(unconjugated plus glucuronide) was Z- to 4-fold higher in subjects with renal impairment, compared 
to those with normal renal function. Hemodialysis (performed between 24 and 30 hours post-dose) 
contributed negligibly to tadalafil or metabolite elimination. In a clinical pharmacology study (N=28) 
at a dose of 10 mg, back pain was reported as a limiting adverse event in male patients with moderate 
renal impairment. At a dose of 5 mg, the incidence and severity of back pain was not significantly 
different than in the general population. In patients on hemodialysis taking lo- or 20-mg tadalatil, 
there were no reported cases of back pain. The dose of tadalafil should be limited to 5 mg not more 
than once daily in patients with severe renal insufficiency or end-stage renal disease. A starting dose of 
5 mg not more than once daily is recommended for patients with moderate renal insufficiency; the 
maximum recommended dose is 10 mg not more than once in every 48 hours. No dose adjustment is 
required in patients with mild renal insufficiency (see DOSAGE AND ADMINISTRATION). 
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Patients with Diabetes Mellitus - In male patients with diabetes mellitus after a 10 mg tadalafil 
dose, exposure (AUC) was reduced approximately 19% and Cmax was 5% lower than that observed in 
healthy subjects. No dose adjustment is warranted. 

Pharmacodynsmics 
Eflects on Blood Pressure - Tadalafil20 mg administered to healthy male subjects produced no 

significant difference compared to placebo in supine systolic and diastolic blood pressure (difference 
in the mean maxima1 decrease of 1.6/0.8 mm Hg, respectively) and in standing systolic and diastolic 
blood pressure (difference in the mean maximal decrease of 0.U4.6 mm Hg, respectively). In addition, 
there was no significant effect on heart rate. 

E@xts on Blood Pressure when CLALIS is Administered with Nitrates - In clinical pharmacology 
studies, tadalafil(5 to 20 mg) was shown to potentiate the hypotensive effect of nitrates. Therefore, the 
use of CIALIS in patients taking any form of nitrates is 
contraindicated (see CONTRAINDICATIONS). 

A study was conducted to assess the degree of interaction between nitroglycerin and tadalatil, should 
nitroglycerin be required in an emergency situation after tadalatil was taken. This was a double-blind, 
placebo-controlled, crossover study in 150 male subjects at least 40 years of age (including subjects 
with diabetes mellitus and/or controlled hypertension) and receiving daily doses of tadalafil20 mg or 
matching placebo for ‘7 days. Subjects were administered a single dose of 0.4 mg sublingual 
nitroglycerin (NTG) at pre-specified timepoints, following their last dose of tadalafil (2,4, 8,24,48, 
72, and 96 hours after tadalafil). The objective of the study was to determine when, after tadalatil 
dosing, no apparent blood pressure interaction was observed. In this study, a significant interaction 
between tadalafrl and NTG was observed at each timepoint up to and including 24 hours. At 48 hours, 
by most hemodynamic measures, the interaction between tadalafil and NTG was not observed, 
although a few more tadalafil subjects compared to placebo experienced greater blood-pressure 
lowering at this timepoint. After 48 hours, the interaction was not detectable (see Figure 2). 
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Figure 2: Mean Maximal Change in Blood Pressure (Tadalafd Minus Placebo, Point 
Estimate with 90% CI) in-Response to Sublingual Nitroglycerin at 2 (Supine 
Only), 4,8,24,48,72, and 96 Hours after the Last Dose of Tadalafil20 mg or 
Piacebo 

Therefore, CIALIS administration with nitrates is contraindicated. In a patient who has taken 
CIALJS, where nitrate administration is deemed medically necessary in a life-threatening situation, at 
least 48 hours should elapse after the last dose of CIALIS before nitrate administration is considered. 
In such circumstances, nitrates should still only be administered under close medical supervision with 
appropriate hemodynamic monitoring (see CONTRAINDICATIONS). 

Effects on Exercise Stress Testing - The effects of tadalafil on cardiac function, hemodynamics, 
and exercise tolerance were investigated in a single clinical pharmacology study. In this blinded 
crossover trial, 23 subjects with stable coronary artery disease and evidence of exercise-induced 
cardiac ischemia were enrolled. The primary endpoint was time to cardiac ischemia. The mean 
difference in total exercise time was 3 seconds (tadalafil 10 mg minus placebo), which represented no 
clinically meaningful difference. Further statistical analysis demonstrated that tadalafil was 
non-inferior to placebo with respect to time to ischemia. Of note, in this study, in some subjects who 
received tadalafil followed by sublingual nitroglycerin in the post-exercise period, clinically significant 
reductions in blood pressure were observed, consistent with the augmentation by tadalafil of the 
blood-pressure-lowering effects of nitrates. 

Eficts on Vision - Single oral doses of phosphodiesterase inhibitors have demonstrated transient 
dose-related impairment of color discrimination (blue/green), using the Farnsworth-Munsell loo-hue 
test, with peak effects near the time of peak plasma levels. This finding is consistent with the inhibition 
of PDE6, which is involved in phototransduction in the retina. In a study to assess the effects of a 
single dose of tadalafil40 mg on vision (N=59), no effects were observed on visual acuity, intraocular 
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pressure, or pupillometry. Across all clinical studies with CIALIS, reports of changes in color vision 
were rare (<O.l% of patients). 

Effects on Sperm Characteristics - There were no clinically relevant effects on sperm 
concentration, sperm count, motility, or morphology in humans in placebo-controlled studies of daily 
doses of tadalafil 10 mg (N=204) or 20 mg (N=2 17) for 6 months. In addition, tadalafil had no effect 
on serum levels of testosterone, luteinizing hormone, or follicle stimulating hormone. 

Effects on Cardiac Electrophysiology - The effect of a single IOO-mg dose of tadalafil on the 
QT interval was evaluated at the time of peak tadalafil concentration in a randomized, double-blinded, 
placebo, and active (intravenous ibutilide)-controlled crossover study in 90 healthy males aged 18 to 
53 years. The mean change in QT, (Fridericia QT correction) for tadalafil, relative to placebo, was 
3.5 milliseconds (two-sided 90% CI=l.9,5.1). The mean change in QTc (Individual QT correction) for 
tadalafil, relative to placebo, was 2.8 milliseconds (two-sided 90% (X=1.2,4.4). A lOO-mg dose of 
tadalafil(5 times the highest recommended dose) was chosen because this dose yields exposures 
covering those observed upon coadministration of tadalafil with potent CYP3A4 inhibitors or those 
observed in renal impairment. Jn this study, the mean increase in heart rate associated with a 100-mg 
dose of tadalafil compared to placebo was 3.1 beats per minute. 

Clinical Studies 
The efficacy and safety of tadalafil in the treatment of erectile dysfunction has been evaluated in 

22 clinical trials of up to 24-weeks duration, involving over 4000 patients. CIALIS, when taken as 
needed up to once daily, was shown to be effective in improving erectile function in men with erectile 
dysfunction (ED). 

S&J& Design - CIALIS was studied in the general ED population in 7 randomized, multicenter, 
double-blinded, placebo-controlled, parallel-arm design, primary efficacy and safety studies of 
12-weeks duration. Two of these studies were conducted in the United States and 5 were conducted in 
centers outside the US. Additional efficacy and safety studies were performed in ED patients with 
diabetes mellitus and in patients who developed ED status post bilateral nerve-sparing radical 
prostatectomy. 

In these 7 trials, CIALIS was taken as needed, at doses ranging fkom 2.5 to 20 mg, up to once daily. 
Patients were fi-ee to choose the time interval between dose administration and the time of sexual 
attempts. Food and alcohol intake were not restricted. 

Several assessment tools were used to evaluate the effect of CIALIS on erectile function. The 
3 primary outcome measures were the Erectile Function (EF) domain of the International Index of 
Erectile Function (IIEF) and Questions 2 and 3 from Sexual Encounter Profile (SEP). The IIEF is a 
4-week recall questionnaire that was administered at the end of a treatment-free baseline period and 
subsequently at follow-up visits after randomization. The IIEF EF domain has a 30-point total score, 
where higher scores reflect better erectile function. SEP is a diary in which patients recorded each 
sexual attempt made throughout the study. SEP Question 2 asks, “Were you able to insert your penis 
into your partner’s vagina?” SEP Question 3 asks, “Did your erection last long enough for you to have 
successful intercourse?” The overall percentage of successml attempts to insert the penis into the 
vagina (SEP2) and to maintain the erection for successml intercourse (SEP3) is derived for each 
patient. 

Study Results -- 
ED Population in US Ttials - The 2 primary US efficacy and safety trials included a total of 

402 men with erectile dysfunction, with-a mean age of 59 years (range 27 to 87 years). The population 
was 78% White, 14% Black, 7% Hispanic, and 1% of other ethnicities, and included patients with ED 
of various severities, etiologies (organic, psychogenic, mixed), and with multiple co-morbid 
conditions, including diabetes mellitus, hypertension, and other cardiovascular disease. Most (>90%) 
patients reported ED of at least l-year duration. Study A was conducted primarily in academic centers. 
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Study B was conducted primarily in community-based urology practices. In each of these 2 trials, 
CIALIS 20 mg showed clinically meaningful and statistically significant improvements in all 
3 primary efficacy variables (see Table 1). The treatment effect of CIALIS did not diminish over time. 

Table 1: Mean Endpoint and Change from Baseline for the Primary Efficacy Variables 
in the Two Primary US Trials 

Study A StudyB 
Placebo CIALlS Placebo CIALIS 

20 mg 20 mg 
(N=49) (N=l46) p-value (N-98) (N=159) p-value 

EF Domain Score 
Endpoint 13.5 19.5 13.6 22.5 
Change from baseline -0.2 6.9 K.001 0.3 9.3 x.001 

Insertion of Penis (SEP2) 
Endpoint 39% 62% 43% 77% 
Change from baseline 2% 26% c.001 2% 32% -coo1 

Maintenance of Erection 
(SEP3) 

Endpoint 25% 50% 23% 64% 
Change from baseline 5% 34% c.001 4% 1 44% c.001 

General ED Population in Trials Outside the US - The 5 primary efficacy and safety studies 
conducted in the general ED population outside the US included 1112 patients, with a mean age of 
59 years (range 21 to 82 years). The population was 76% White, 1% Black, 3% Hispanic, and 20% of 
other ethnicities, and included patients with ED of various severities, etiologies (organic, psychogenic, 
mixed), and with multiple co-morbid conditions, including diabetes mellitus, hypertension, and other 
cardiovascular disease. Most (90%) patients reported ED of at least 1 -year duration. In these 5 trials, 
CIALIS 5, 10, and 20 mg showed clinically meaningfui and statistically significant improvements in 
all 3 primary efficacy variables (see Tables 2,3, and 4). The treatment effect of CIALIS did not 
diminish over time. 
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Table 2: Mean Endpoint and Change from Baseline for the EF Domain of the IIEF in the 
General ED Population in Five Primary Trials Outside the US 

Placebo CIALIS CIALIS CIALIS 
Smg 10 mg 20 mg 

Study C 
Endpoint [Change from baseline] 15.0 [0.7-J 17.9 [4.0] 20.0 r5.63 

p=. 006 p-COO1 
Study D 

Endpoint [Change from baseline] 14.4 [l.l] 17.5 [5.l] 20.6 [6.0] 
p=. 002 I p<. 001 

Study E I 
Endpoint [Change from baseline] 18.1 [2.6] 22.6.[8.1] 25.0 [8.0-J 

p<.OOl p<. 001 
Study F” 

Endpoint [Change from baseline] 12.7 [-1.61 22.8 [6.8] 
p-c 001 

Study G 
Endpoint [Change from baseline] 14.5 [-0.91 21.2 [6.6] 23.3 [S.O] 

L p-coo1 p-c 001 
* Treatment duration in Study F was 6 months 

Table 3: Mean Post-Baseline Success Rate and Change from Baseline for SEP Question 2 
((‘Were you able to insert your penis into the partner’s vagina?“) in the General 
ED Ponulation in Five Pivotal Trials Outside the US 

Placebo CIALIS CIALIS clAL1s 
5w 10 mg 20 mg 

Study C 
Endpoint [Change from baseline] 49% [6%] 57% [ lS%] 73% [29%] 

p=. 063 p<.OOI 
Study D 

Endpoint [Change from baseline] 46% [2%] 56% [18%] 68% [15%] 
p=.OO8 p<. 001 

Study E 
Endpoint [Change fi-om baseline] 55% [ 1 O%] 77% [35%] 85% [35%] 

PK.001 p-c 001 
Study F* 

Endpoint [Change from baseline] 42% [-8%] 81% [27%] 
p-c 001 

Study G 
Endpoint [Change from baseline] 45% [a%] 73% [21%] 76% [21%] 

p<. 001 1 p-coo1 
* Treatment duration in Study F was 6 months 
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Table 4: Mean Post-Baseline Success Rate and Change from Baseline for SEP Question 3 
(“Did your erection last long enough for you to have successful intercourse?“) in 
the General ED Population in Five Pivotal Trials Outside the US 

Placebo CIALIS CIALIS CIALIS 
5mg 10 mg 20 mg 

Study C 
Endpoint [Change from baseline] 26% [4%] 38% [19%] 58% [320/o] 

p=.o40 p-=. 001 
Study D I 

Endpoint [Change from baseline} 28% [4%] 1 42% [24%] 51% f26%] 
p-c 001 p<.oo1 

Study E 
Endpoint [Change from baseline] 43% [IS%] 70% [48%] 78% [50%] 

p-Coo1 p<. 001 
Study F” 

Endpoint {Change from baseline J 27% [l%] 74% [40%-j 
PC.001 

Study G 
Endpoint [Change from baseline] 32% [5%] 57% [33%3 62% [29%] 

pKOO1 p<. 001 
* Treatment duration in Study F was 6 months 

In addition, there were improvements in EF domain scores, success rates based upon SEP 
Questions 2 and 3, and patient-reported improvement in erections across patients with ED of all 
degrees of disease severity while taking CIALIS, compared to patients on placebo. 

Therefore, in aI1 7 primary efficacy and safety studies, CIALIS showed statistically significant 
improvement in patients’ ability to achieve au erection suffkient for vaginal penetration and to 
maintain the erection long enough for successful intercourse, as measured by the IIEF questionnaire 
and by SEP diaries. 

Eficacy in ED Patients with Diabetes Mellitus - CIALIS was shown to be effective in treating ED 
in patients with diabetes mellitus. Patients with diabetes were included in all 7 primary efficacy studies 
in the general ED population (N=235) and in 1 study that specifically assessed CIALIS in ED patients 
with type 1 or type 2 diabetes (N=216). In this randomized, placebo-controlled, double-blinded, 
parallel-arm design prospective trial, CIALIS demonstrated clinically meaningful and statistically 
significant improvement in erectile function, as measured by the EF domain of the IIEF questionnaire 
and Questions 2 and 3 of the SEP diary (see Table 5). 
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Table 5: Mean Endpoint and Change from Baseline for the Primary Efficacy Variables 
in a Study in ED Patients with Diabetes 

Placebo CIALIS CIALIS 
10 mg 20 mg 

(N=71) (N=73) (.N=72) p-value 
EF Domain Score 

Endpoint [Change from baseline] 12.2 [O.l] 19.3 [6.4] 18.7 t7.33 <.OOl 
Insertion of Penis (SEP2) 1 

Endpoint [Change from baseline] 30% [-4%-j 57%[22%] 54%[23%] coo1 
Maintenance of Erection (SEP3) 

Endpoint [Change fkom baseline] 20% [2%] 48%[28%] 42%[29%] -=.OOl 

Efjcacy in ED Patients following Radical Prostatectomy - CIALIS was shown to be effective in 
treating patients who developed ED following bilateral nerve-sparing radical prostatectomy. In 
1 randomized, placebo-controlled, double-blinded, parallel-arm design prospective trial in this 
population (N=303), CIALIS demonstrated clinically meaningful and statistically significant 
improvement in erectile function, as measured by the EF domain of the IIEF questionnaire and 
Questions 2 and 3 of the SEP diary (see Table 6). 

Table 6: Mean Endpoint and Change from Baseline for the Primary Efficacy Variables 
in a Study in Patients who Developed ED Following BilateraI Nerve-Sparing 
Radical Prostatectomy 

I I Placebo I CIALIS I I 

EF Domain Score 
Endpoint [Change from baseline] 

Insertion of Penis (SEP2) 
Endpoint [Change from baseline] 

Maintenance of Erection (SEP3) 
Endnoint [Change fkom baseline1 

(N=102) 

13.3 Cl.11 

32%[2%] 

19% r4%1 

20 mg 
(N=201) 

17.7 [5.3] 

54%[22%] 

41%r23%1 

p-value 

c.001 

x.001 

c-00 1 

Studies to Determine the Optimal Use of CX4.LL5’ - Several studies were conducted with the 
objective of determining the optimal use of CIALIS in the treatment of ED. In 1 of these studies, the 
percentage of patients reporting successful erections within 30 minutes of dosing was determined. In 
this randomized, placebo-controlled, double-blinded trial, 223 patients were randomized to placebo, 
CIALIS 10, or 20 mg. Using a stopwatch, patients recorded the time following dosing at which a 
successful erection was obtained. A successful erection was defined as at least 1 erection in 4 attempts 
that led to successful intercourse. At or prior to 30 minutes, 35% (26/74), 38% (28/74), and 
52% (39/75) of patients in the placebo, IO-, and 20-mg groups, respectively, reported successful 
erections as defined above. 

Two studies were conducted to assess the effkacy of CIALIS at a given timepoint after dosing, 
specifically at 24 hours and at 36 hours after dosing. 

In the first of these studies, 348 patients with ED were randomized to placebo or CIALIS 20 mg. 
Patients were encouraged to make 4 total attempts at intercourse; 2 attempts were to occur at 24 hours 
after dosing and 2 completely separate attempts were to occur at 36 hours after dosing. The results 
demonstrated a difference between the placebo group and the CIALIS group at each of the 
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pre-specified timepoints. At the 24-hour timepoint, (more specifically, 22 to 26 hours), 53044 (37%) 
patients reported at least 1 successful intercourse in the placebo group versus 84/138 (61%) in the 
CIALIS 20-mg group. At the 36-hour timepoint (more specifically, 33 to 39 hours), 49/133 (37%) of 
patients reported at least 1 successful intercourse in the placebo group versus 881137 (64%) in the 
CIALIS 20-mg group. 

In the second of these studies, a total of 483 patients were evenly randomized to 1 of 6 groups: 
3 different dosing groups (placebo, CIALIS 10, or 20 mg) that were instructed to attempt intercourse at 
2 different times (24 and 36 hours post-dosing). Patients were encouraged to make 4 separate attempts 
at their assigned dose and assigned timepoint. In this study, the results demonstrated a statistically 
significant difference between the placebo group and the CIALIS groups at each of the pre-specified 
timepoints. At the 24-hour timepoint, the mean, per-patient percentage of attempts resulting in 
successful intercourse were 42,56, and 67% for the placebo, CIALIS lo-, and 20-mg groups, 
respectively. At the 36-hour timepoint, the mean, per-patient percentage of attempts resulting in 
successful intercourse were 33,56, and 62% for placebo, CIALIS lo-, and 20-mg groups, respectively. 

INDICATIONS AND USAGE 
CIALIS is indicated for the treatment of erectile dysfunction. 

CONTRAINDICATIONS 
Nitrates - Administration of CIALIS to patients who are using any form of organic nitrate, either 

reguIarly and/or intermittently, is contraindicated. In clinical pharmacology studies, tadalafil was 
shown to potentiate the hypotensive effect of nitrates. This is thought to result from the combined 
effects of nitrates and tadalafll on the nitric oxide/cGMP pathway (see Pharmacodynamics, Effects 
on Blood Pressure when CIALIS is Administered with Nitrates under CLINICAL 
PHARMACOLOGY). 

Alpha Blockers - Administration of CIALIS to patients taking any alpha-adrenergic antagonist 
other than 0.4 mg once-daily tamsulosin is contraindicated. In a drug-drug interaction study, when 
tadalafil20 mg was administered to healthy subjects taking doxazosin (8 mg daily), there was a 
significant augmentation of the blood-pressure-lowering effect of,doxazosin (see Drug Interactions 
under PRECAUTIONS). 

Hypersensitivity - CIALIS is contraindicated for patients with a known hypersensitivity to 
tadalafil or any component of the tablet. 

WARNINGS 
Cardiovascular 

General - Physicians should consider the cardiovascular status of their patients, since there is a 
degree of cardiac risk associated with sexual activity. Therefore, treatments for erectile dysfunction, 
including CIALIS, should not be used in men for whom sexual activity is inadvisable as a result of 
their underlying cardiovascular status. 

Lefi Ventricular OutJIow Obstruction - Patients with left ventricular outflow obstruction, 
(e.g., aortic stenosis and idiopathic hypertrophic subaortic stenosis) can be sensitive to the action of 
vasodilators, including PDES inhibitors. 

Patients Not Studied in Clinical Trials 
The following groups of patients with cardiovascular disease were not included in clinical safety and 

efficacy trials for CIALIS, and, therefore, the use of CIALIS is not recommended in these groups until 
further information is available: 

- patients with a myocardial infarction within the last 90 days 
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- patients with unstable angina or angina occurring during sexual intercourse 
- patients with New York Heart Association Class 2 or greater heart failure in the last 6 months 
- patients with uncontrolled arrhythmias, hypotension (<90/50 mm Hg), or uncontrolled 

hypertension (>170/100 mm Hg) 
- patients with a stroke within the last 6 months 

In addition, patients with known hereditary degenerative retinal disorders, including retinitis 
pigmentosa, were not included in the clinical trials, and use in these patients is not recommended. 

Prolonged Erection 
There have been rare reports of prolonged erections greater than 4 hours and priapism (painful 

erections greater than 6 hours in duration) for this class of compounds. Priapism, if not treated 
promptly, can result in irreversible damage to the erectile tissue. Patients who have an erection lasting 
greater than 4 hours, whether painful or not, should seek emergency medical attention. 

PRECAUTIONS 
Evaluation of erectile dysfiunction should include an appropriate medical assessment to identify 

potential underlying causes, as well as treatment options. 
Before prescribing CIALIS, it is important to note the following: 

Renal Insuffkiency 
CIALIS should be limited to 5 mg not more than on& daily in patients with severe renal 

insufficiency or end-stage renal disease. The starting dose of CIALIS in patients with a moderate 
degree of renal insufficiency should be 5 mg not more than once daily, and the maximum dose should 
be limited to 10 mg not more than once in every 48 hours. No dose adjustment is required in patients 
with mild renal insufficiency (see Pharmacokinetics in Special Populations under CLINICAL 
PHARMACOLOGY). 

Hepatic Impairment 
In patients with mild or moderate hepatic impairment, the dose of CIALIS should not exceed 10 mg. 

Because of insufficient information in patients with severe hepatic impairment, use of CIALIS in this 
group is not recommended (see Pharmacokinetics in Special Populations under CLINICAL 
PHARMACOLOGY). 

Concomitant Use of Potent Inhibitors of Cytochrome P450 3A4 (CYP3A4) 
CIALIS is metabolized predominantly by CYP3A4 in the liver. The dose of CIALIS should be 

limited to 10 mg no more than once every 72 hours in patients taking potent inhibitors of CYP3A4 
such as ritonavir, ketoconazole, and itraconazole (see Effects of Other Drugs on CIALIS under Drug 
Interactions). 

General 
As with other PDES inhibitors, tadalafil has mild systemic vasodilatory properties that’may result in 

transient decreases in blood pressure. In a clinical pharmacology study, tadalafiI20 mg resulted in a 
mean maximal decrease in supine M&d pressure, relative to placebo, of l-6/0.8 mm Hg in healthy 
subjects (see Clinical Studies under CLINICAL PHARMA COLOGY). While this effect should not 
be of consequence in most patients, prior to prescribing CIALIS, physicians should carefully consider 
whether their patients with underlying cardiovascular disease could be affected adversely by such 
vasodilatory effects. Patients with significant left ventricular outflow obstruction or severely impaired 
autonomic control of blood pressure may be particularly sensitive to the actions of vasodilators. 
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The safety and efficacy of combinations of CIALIS and other treatments for erectile dysfunction 
have not been studied. Therefore, the use of such combinations is not recommended. 

CIALIS should be used with caution in patients who have conditions that might predispose them to 
priapism (such as sickle cell anemia, multiple myeloma, or leukemia), or in patients with anatomical 
deformation of the penis (such as angulation, cavemosal fibrosis, or Peyronie’s disease). 

When administered in combination with aspirin, tadalafil20 mg did not prolong bleeding time, 
relative to aspirin alone. CIALIS has not been administered to patients with bleeding disorders or 
significant active peptic ulceration. Although CIALIS has not been shown to increase bleeding times in 
healthy subjects, use in patients with bleeding disorders or significant active peptic ulceration should 
be based upon a careful risk-benefit assessment and caution. 

Information for Patients 
Physicians should discuss with patients the contraindication of CIALIS with regular and/or 

intermittent use of organic nitrates. Patients should be counseled that concomitant use of CIALIS with 
nitrates could cause blood pressure to suddenly drop to an unsafe level, resulting in dizziness, syncope, 
or even heart attack or stroke. 

Physicians should discuss with patients the appropriate action in the event that they experience 
angina1 chest pain requiring nitroglycerin following intake of CIALIS. In such a patient, who has taken 
CIALIS, where nitrate administration is deemed medically necessary for a life-threatening situation, at 
least 48 hours should have elapsed after the last dose of CIALIS before nitrate administration is 
considered. In such circumstances, nitrates should still only be administered under close medical 
supervision with appropriate hemodynamic monitoring. Therefore, patients who experience angina1 
chest pain after taking CIALIS should seek immediate medical attention- 

Physicians should inform their patients that concomitant use of CIALIS with alpha-adrenergic 
antagonists (other than 0.4 mg once-daily tamsulosin) is contraindicated because coadministration can 
lead to sign&ant reductions in blood pressure. 

Physicians should discuss with patients the potential for CIALIS to augment the 
blood-pressure-lowering effect of other anti-hypertensive medications. 

Patients should be made aware that both alcohol and CIALIS, a PDES inhibitor, act as mild 
vasodilators. When mild vasodilators are taken in combination, blood-pressure-lowering effects of 
each individual compound may be increased. Therefore, physicians should tiorm patients that 
substantial consumption of alcohol (e.g., 5 units or greater) in combination with CIALIS can increase 
the potential for orthostatic signs and symptoms, including increase in heart rate, decrease in standing 
blood pressure, dizziness, and headache. 

Physicians should consider the potential cardiac risk of sexual activity in patients with preexisting 
cardiovascular disease. Patients who experience symptoms upon initiation of sexual activity should be 
advised to refrain from further sexual activity and seek immediate medical attention. 

There have been rare reports of prolonged erections greater than 4 hours and priapism (painful 
erections greater than 6 hours in duration) for this class of compounds. Priapism, if not treated 
promptly, can result in irreversible damage to the erectile tissue. Patients who have an erection lasting 
greater than 4 hours, whether painful or not, should seek emergency medical attention. 

The use of CIALIS offers no protection against sexually transmitted diseases. Counseling of patients 
about the protective measures necessary to guard against sexually transmitted diseases, including 
Human Immunodeficiency Virus (HIV) should be considered. 

Patients should read the patient leaflet entitled “INFORMATION FOR THE PATIENT” before 
starting therapy with CIALIS and each time the prescription is renewed or refilled. 
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Drug Interactions 

Effects of Other Drugs on CIALIS 
Cytochrome P450 Inhibitors 
CIALIS is a substrate of and predominantly metabolized by CYP3A4. Studies have shown that drugs 

that inhibit CYP3A4 can increase tadalafil exposure (see PRECAUTIONS and DOSAGE AND 
ADMINISTIWTION). 

Ketoconazo te - Ketoconazole (400 mg daily), a selective and potent inhibitor of CYP3A4, 
increased tadalafil20-mg single-dose exposure (AUC) by 3 12% and C;, by 22%, relative to the 
values for tadalafil20 mg alone. Ketoconazole (200 mg daily) increased tadalafil lo-mg single-dose 
exposure (AUC) by 107% and C,,,aX by 15%, relative to the values for tadalaf’il 10 mg alone. 

HIV Protease inhibitor - Ritonavir (200 mg twice daily), an inhibitor of CYP3A4, CYP2C9, 
CYP2C 19, and CYP2D6, increased tadalafil20-mg single-dose exposure (AUC) by 124% with no 
change in C,,, relative to the values for tadalafil20 mg alone. Although specific interactions have not 
been studied, other HIV protease inhibitors would likely increase tadalafil exposure (see DOSAGE 
AND ADMINISTRATION). 

Based upon these results, in patients taking concomitant potent CYP3A4 inhibitors, the dose of 
CIALIS should not exceed 10 mg, and CIALIS should not be taken more frequently than once in every 
72 hours (see DOSAGE AND ADMINISTRATION). 

Other cytochrome P4SO inhibitors - Although specific interactions have not been studied, other 
CYP3A4 inhibitors, such as erythromycin, itraconazole, and grapefruit juice, would likely increase 
tadalafil exposure. 

Cytochrome P450 Inducers 
Studies have shown that dregs that induce CYP3A4 can decrease tadalafil exposure. 
Rijampin - Rifampin (600 mg daily), a CYP3A4 inducer, reduced tadalafil IO-mg single-dose 

exposure (AUC) by 88% and C max by 46%, relative to the values for tadalafil 10 mg alone. Although 
specific interactions have not been studied, other CYP3A4 inducers, such as carbamazepine, 
phenytoin, and phenobarbitol, would likely decrease tadalafil exposure. No dose adjustment is 
warranted. 

Gastrointestinal Drugs 
Hz antagonists - An increase in gastric pH resulting from administration of nizatidine had no 

significant effect on tadalafil pharmacokinetics. 
Antacids - Simultaneous administration of an antacid (magnesium hydroxide/aluminum hydroxide) 

and tadalafil reduced the apparent rate of absorption of tadalafil without altering exposure (AUC) to 
tadalafil. 

Effects of CIALIS on Other Drugs 
Drugs Metabolized by Cytochrome P450 
CIALIS is not expected to cause clinically significant inhibition or induction of the clearance of 

drugs metabolized by cytochrome P450 (CYP) isoforms. Studies have shown that tadalafil does not 
inhibit or induce P450 isoforms CYPlA2, CYP3A4, CYP2C9, CYP2Cl9, CYP2D6, and CYP2El. 

CYPIA2 substrate - Tadalafil had no clinically significant effect on the pharmacokinetics of 
theophylline. When tadalafil was administered to subjects taking theophylline, a small 
augmentation (3 beats per minute) of the increase in heart rate associated with theophylline was 
observed. 

CXP3A4 substrates - Tadalafil had no clinically significant effect on exposure (AUC) to 
midazolam or lovastatin. 

CYP2C9 substrate - Tadalafil had no clinically significant effect on exposure (AUC) to S-warfarin 
or R-war&r& nor did tadalafil affect changes in prothrombin time induced by warfarin. 
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Alcohol 
Alcohol and PDES inhibitors, including tadalafil, are mild systemic vasodilators. The interaction of 

tadalafil with alcohol was evaluated in 3 clinical pharmacology studies. In 2 of these, alcohol was 
administered at a dose of 0.7 g/kg, which is equivalent to approximately 6 ounces of 80-proof vodka in 
an SO-kg male, and tadalafil was administered at a dose of 10 mg in 1 study and 20 mg in another. In 
both these studies, all patients imbibed the entire alcohol dose within 10 minutes of starting. In one of 
these two studies, blood alcohol levels of 0.08% were confirmed. In these two studies, more patients 
had clinically significant decreases in blood pressure on the combination of tadalafil and alcohol as 
compared to alcohol alone. Some subjects reported postural dizziness, and orthostatic hypotension was 
observed in some subjects. When tadalafil20 mg was administered with a lower dose of 
alcohol (0.6 g/kg, which is equivalent to approximately 4 ounces of 80-proof vodka, administered in 
less than 10 minutes), orthostatic hypotension was not observed, dizziness occurred with similar 
frequency to alcohol alone, and the hypotensive effects of alcohol were not potentiated. 

Tadalafil did not affect alcohol plasma concentrations and alcohol did not affect tadalafil plasma 
concentrations. 

Both alcohol and CIALIS, a PDE5 inhibitor, act as mild vasodilators. When mild vasodilators are 
taken in combination, blood-pressure-lowering effects of each individual compound may be increased. 
Substantial consumption of alcohol (e.g., 5 units or greater) in combination with CIALIS can increase 
the potential for orthostatic signs and symptoms, including increase in heart rate, decrease in standing 
blood pressure, dizziness, and headache. 

Anti-Hypertensives 
PDE5 inhibitors, including tadalafil, are mild systemic vasodilators. Clinical pharmacology studies 

were conducted to assess the effect of tadalafil on the potentiation of the blood-pressure-lowering 
effects of selected anti-hypertensive medications. 

Alpha Blockers 
Doxazosin - When tadalafil20 mg was administered to healthy subjects taking 

doxazosin (8 mg daily), an alpha[ 1 ]-adrenergic blocker, there was significant augmentation of the 
blood-pressure-lowering effect of doxazosin. 

Tamsulosin - In a clinical pharmacology study, when a single dose of tadalafil20 mg was 
administered to healthy subjects taking 0.4 mg once-daily tamsulosin, a selective alpha[lA]-adrenergic 
blocker, no significant decreases in blood pressure were observed. 

Therefore, based upon significant augmentation of the blood-pressure-lowering effect of doxazosin, 
an alpha[ l]-adrenergic blocker, and no significant effect seen with 0.4 mg once-daily tamsulosin, a 
selective alpha[lA]-adrenergic blocker, administration of CIALIS to patients taking any 
alpha-adrenergic blocker other than 0.4 mg once-daily tamsulosin is contraindicated. 

Other Anti-Hypertensive Agents 
Amlodipine - A study was conducted to assess the interaction of amlodipine (5 mg daily) and j 

tadalafil 10 mg. There was no effect of tadalafil on amlodipine blood levels and no effect of 
amlodipine on tadalafil blood levels. The mean reduction in supine systolic/diastolic blood pressure 
due to tadalafil 10 mg in subjects taking amlodipine was 3/2 mm Hg, compared to placebo. In a similar 
study using tadalafil20 mg, there were no clinically significant differences between tadalafil and 
placebo in subjects taking amlodipine. 

Metoprolol- A study was conducted to assess the interaction of sustained-release metoprolol(25 to 
200 mg daily) and tadalafil 10 mg. Following dosing, the mean reduction in supine systolic/diastolic 
blood pressure due to tadalafil 10 mg in subjects taking metoprolol was 5/3 mm Hg, compared to 
placebo. 

Bendrofluazide - A study was conducted to assess the interaction of bendrofluazide (2.5 mg daily) 
and tadalafill0 mg. Following dosing, the mean reduction in supine systolic/diastolic blood pressure 
due to tadalafil IO mg in subjects taking bendrofluazide was 6/4 mm Hg, compared to placebo. 
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Enalapril- A study was conducted to assess the interaction of enalapril(l0 to 20 mg daily) and 
tadalafil IO mg. Following dosing, the mean reduction in supine systolic/diastolic blood pressure due 
to tadalafil 10 mg in subjects taking enalapril was 4/l mm Hg, compared to placebo. 

Angiotensin II receptor blocker (and other anti-hypertensives) - A study was conducted to assess 
the interaction of angiotensin II receptor blockers and tadalafil20 mg. Subjects in the study were 
taking any marketed angiotensin II receptor blocker, either alone, as a component of a combination 
product, or as part of a multiple anti-hypertensive regimen. Following dosing, ambulatory 
measurements of blood pressure revealed differences between tadaiafil and placebo of 8/4 mm Hg in 
systolic/diastolic blood pressure. 

Aspirin 
Tadalafil did not potentiate the increase in bleeding time caused by aspirin. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 
Tadalafil was not carcinogenic to rats or mice when administered daily for 2 years at doses up to 

400 mg/kg/day. Systemic drug exposures, as measured by AUC of unbound tadalafil, were 
approximately I O-fold for mice, and 14- and 26-fold for male and female rats, respectively, the 
exposures in human males given Maximum Recommended Human Dose (MRHD) of 20 mg. 

Tadalafil was not mutagenic in the in vitro bacterial Ames assays or the forward mutation test in 
mouse lymphoma cells. Tadalafil was not clastogenic in the in vitro chromosomal aberration test in 
human lymphocytes or the in vivo rat micronucleus assays. 

There were no effects on fertility, reproductive performance or reproductive organ morphology in 
male or female rats given oral doses of tadalafil up to 400 mg/kg/day, a dose producing AUCs for 
unbound tadalafil of 14-fold for males or 26-fold for females the exposures observed in human males 
given the MRHD of 20 mg. In beagle dogs given tadalafil daily for 3 to 12 months, there was 
treatment-related non-reversible degeneration and atrophy of the seminiferous tubular epithelium in the 
testes in 20-100% of the dogs that resulted in a decrease in spertnatogenesis in 40-75% of the dogs at 
doses of 210 mg/kg/day. Systemic exposure (based on AUC) at no-observed-adverse- 
effect-level (NOAEL) (10 mg/kg/day) for unbound tadalafil was similar to that expected in humans at 
the MRHD of 20 mg. 

There were no treatment-related testicular findings in rats or mice treated with doses up to 
400 mg/kg/day for 2 years. 

In men, there were no clinically relevant effects on sperm concentration, sperm count, motility, or 
morphology in placebo-controlled studies of daily doses of tadalafil 10 mg (N=204) or 20 mg (N=217) 
for 6 months. In addition, tadalafil had no effect on serum levels of testosterone, Iuteinizing hormone, 
or follicle stimulating hormone in males. 

Animal Toxicology 
Animal studies showed vascular i&unrnation in tadalafil-treated mice, rats, and dogs. In mice and 

rats, lymphoid necrosis and hemorrhage were seen in the spleen, thymus, and mesenteric lymph nodes 
at unbound tadalafil exposure of 2- to 33-fold above the human exposure (AUCs) at the MRHD of 
20 mg. In dogs, an increased incidence of disseminated arteritis was observed in 1 - and B-month 
studies at unbound tadalafil exposure of I - to 54-fold above the human exposure (AUC) at the MRHD 
of 20 mg. In a 12-month dog study, no disseminated arteritis was observed, but 2 dogs exhibited 
marked decreases in white blood cells (neutrophils) and moderate decreases in platelets with 
inflammatory signs at unbound tadalafil exposures of approximately 14- to 18-fold the human 
exposure at the MRHD of 20 mg. The abnormal blood-cell findings were reversible within 2 weeks 
upon removal ofthe drug. 
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“Pregnancy, Nursing Mothers, and Pediatric Use 
CIALIS is not indicated for use in newborns, children, or women. 
Tadalafil and/or its metabolites cross the placenta, resulting in fetal exposure in rats. Tadaiafil and/or 

its metabolites were secreted into the milk in lactating rats at concentrations approximately 2.4-fold 
greater than found in the plasma. Following a single-oral dose of 10 mg/kg, approximately 0.1% of the 
total radioactive dose was excreted into the milk within 3 hours. It is not known if tadalaS and/or its 
metabolites is excreted in human breast milk. Use of tadalafil in nursing mothers is not recommended. 

Pregnancy Category B - There was no evidence of teratogenicity, embryotoxicity, or fetotoxicity in 
rat or mouse fetuses that received up to 1000 mg/kg/day during the major organ development. Plasma 
exposure at this dose is approximately 1 l-fold greater than the AUC values for unbound tadalafil in 
humans given the MRHD of 20 mg. In a rat prenatal and postnatal development study at doses of 60, 
200, and 1000 mg/kg, there was a reduction in postnatal survival of pups. The 
no-observed-effect-level (NOEL) for maternal toxicity was 200 mg/kg/day and for developmental 
toxicity was 30 mg/kg/day, which gives approximately 16- and 1 O-fold exposure multiples, 
respectively, of the human AUC for the MRHD dose of 20 mg. There are no adequate and 
well-controlled studies of tadalafil in pregnant women. 

Geriatric Use 
Approximately 25% of patients in the primary efticacy and safety studies of tadaIafi1 were greater 

than 65 years of age. No overall differences in efficacy and safety were observed between older and 
younger patients. No dose adjustment is warranted based on age alone. However, greater sensitivity tc 
medications in some older individuals should be considered (see Special Popufations under 
CLINICAL PHARMACOLOGY). 

ADVERSE REACTIONS 
Tadalafil was administered to over 5700 men (mean age 59, range 19 to 87 years) during clinical 

trials worldwide. Over 1000 patients were treated for 1 year or longer and over 1300 patients were 
treated for 6 months or more. 

In placebo-controlled Phase 3 clinical trials, the discontinuation rate due to adverse events in patients 
treated with tadalafil 10 or 20 mg was 3.1%, compared to 1.4% in placebo-treated patients. 

When tadalafil was taken as recommended in the placebo-controlled clinical trials, the following 
adverse events were reported (see Table 7): 

Table 7: Treatment-Emergent Adverse Events Reported by X2% of Patients Treated with 
Tadalafil(l0 or 20 mg) and More Frequent on Drug than Placebo in the 
Eight Primary Placebo-Controhed Phase 3 Studies (Including a Study in 
Patients with Diabetes) 

Placebo TadalafiI5 mg 1 Tadalafil 10 mg 1 Tadaiafil20 mg 
Adverse Event tN=476) (N-151) I l-N=3941 I (N4351 

1 Headache I 5% I 11% I ~ ~~~ ~~- 11% -7---r!% I 
Dyspepsia 
Back pain 
Myalgia 

1% 
--,- -- ,” 

4% . 8% 10% 
3% 3% 5% 6% 
1% 1 1% 4% 3% 

Flushing* 1% 2% 
Pain in limb 1% 1% 
* The term flushing includes: facial flushing and flushing 

. 
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Backpain or myalgia was reported at incidence rates described in Table 7. In tadalafil clinical 
pharmacology trials, back pain or myalgia generally occurred 12 to 24 hours after dosing and typically 
resolved within 48 hours. The back painlmyalgia associated with tadalafil treatment was characterized 
by diffuse bilateral lower lumbar, gluteal, thigh, or thoracolumbar muscular discomfort and was 
exacerbated by recumbancy. In general, pain was reported as mild or moderate in severity and resolved 
without medical treatment, but severe back pain was reported infrequently (~5% of all reports). When 
medical treatment was necessary, acetaminophen or non-steroidal anti-inflammatory drugs were 
generally effective; however, in a small percentage of subjects who required treatment, a mild 
narcotic (e.g. codeine) was used. Overall, approximately 0.5% of all tadalafif-treated subjects 
discontinued treatment as a consequence of back pain/myalgia. Diagnostic testing, inchiding measures 
for inflammation, muscle injury, or renal damage revealed no evidence of medically significant 
underlying pathology. 

Across all studies with any tadalafil dose, reports of changes in color vision were rare (~0.1% of 
patients). 

The following section identifies additional, less frequent events (~2%) reported in controlled clinical 
trials; a causal relationship of these events to CIALIS is uncertain. Excluded from this list are those 
events that were minor, those with no plausible relation to drug use, and reports too imprecise to be 
meaningful: 

Body as a whole: asthenia, face edema, fatigue, pain 
Cardiovascular: angina pectoris, chest pain, hypotension, hypertension, myocardial infarction, 

postural hypotension, palpitations, syncope, tachycardia 
Digestive: abnormal liver tinction tests, diarrhea, dry mouth, dysphagia, esophagitis, 

gastroesophageal reflux, gastritis, GGTP increased, loose stools, nausea, upper abdominal pain, 
vomiting 

MuscuZuskeZetaZ: arthralgia, neck pain 
Nervous: dizziness, hypesthesia, insomnia, paresthesia, somnolence, vertigo 
Respiratory: dyspnea, epistaxis, pharyngitis 
Skin and Appendages: pruritus, rash, sweating 
Ophthalmologic: blurred vision, changes in coIor vision, conjunctivitis (including conjunctival 

hyperemia), eye pain, lacrimation increase, swelling of eyelids 
Urogenital: erection increased, spontaneous penile erection 

OVERDOSAGE 
Single doses up to 500 mg have been given to healthy -subjects, and multiple daily doses up to 

100 mg have been given to patients. Adverse events were similar to those seen at lower doses. In cases 
of overdose, standard supportive measures should be adopted as required. Hemodialysis contributes 
negligibly to tadalafil elimination. 

DOSAGE AND ADMINISTRATION 
The recommended starting dose of CIALIS in most patients is 10 mg, taken prior to anticipated 

sexual activity. The dose may be increased to 20 mg or decreased to 5 rag, based on individual efficacy _ 
and tolerability. The maximum recommended dosing frequency is once per day in most patients. 

CIALIS was shown to improve erectile diction compared to placebo up to 36 hours following 
dosing. Therefore, when advising patients on optimal use of CIALIS, this should be taken into 
consideration. 

CIALIS may be taken without regard to food. 
Renal Insufficiency - No dose adjustment is required in patients with mild renal insufficiency. For 

patients with moderate (creatinine clearance 3 1 to 50 n&/n&) renal insufficiency, a starting dose of 
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5 mg not more than once daily is recommended, and the maximum dose should be limited to 10 mg not 
more than once in every 48 hours. For patients with severe (creatinine clearance ~30 n&/mm) renal 
insufficiency on hemodialysis, the maximum recommended dose is 5 mg (see General a&Patients 
with Renal Insufficiency under PRECAUTIONS and Pharmacokinetics in Special Populations 
under CLINICAL PHARMA COLOGY). 

Hepatic Impairment - For patients with mild or moderate degrees of hepatic 
impairment (Child-Pugh Class A or B), the dose of CIALIS should-not exceed 10 mg once daily. In 
patients with severe hepatic impairment (Child-Pugh Class C), the use of CJALIS is not 
recommended (see Patients with Hepatic Impairment under PRECAUTIONS and 
Pharmacokinetics in Special Populations under CLINkAL PHARMA COLOGY). 

Concomitant Medications - For patients taking concomitant potent inhibitors of CYP3A4, such as 
ketoconazole or ritonavir, the maximum recommended dose of CIALIS is 10 mg, not to exceed 
once every 72 hours (see General and Drug Interactions under PRECAUTIONS). 

Concomitant use of nitrates in any form and alpha-adrenergic blockers (other than 0.4 mg once-daily 
tamsulosin) is contraindicated (see CONTRAINDICATIONS and Drug Interactions under 
PRECAUTIONS). 

Geriatrics - No dose adjustment is required in patients >65 years of age. 

HOW SUPPLIED 
CIALIS@ (tadalafil) is supplied as follows: 
Three strengths of film-coated, almond-shaped tablets are available in different sizes and different 

shades of yellow, and supplied in the following package sizes: 
5-mg tablets debossed with “C 5” 

Bottles of 30 NDC 0002-4462-30 
1 0-mg tablets debossed with “C 10” 

Bottles of 30 NDC 0002-4463-30 
20-mg tablets debossed with “C 20” 

Bottles of 30 NDC 0002-4464-30 

Store at 25OC (77°F); excursions permitted to 15-30°C (59-86OF) [see USP Controlled Room 
Temperature 1. 

Keep out of reach of children. 

Literature issued November, 2003 

Manufactured for Lilly ICOS LLC 
by Eli Lilly and Company 

Indianapolis, IN 46285, USA 
NL 3534 AMP PRINTED IN USA 

Copyright 0 2003, Lilly ICOS LLC. All rights reserved. 
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Nt 4600 AMP 
Patient Information 

CIALtS@ (See-AL&s) 
(tadalafil) 

tablets 

Read the Patient Information about CIALIS before you start taking it and again each time you get a 
refill. There may be new information. You may also find it helpful to share this information with your 
partner. This leaflet does not take the place of talking with your doctor. You and your doctor should 
talk about CIALIS when you start taking it and at regular checkups. If you do not understand the 
information, or have questions, talk with your doctor or pharmacist. 

What important information should you know about CIALIS? 

CIALIS can cause your blood pressure to drop suddenly to an unsafe level if it is taken with 
certain other medicines. You could get dizzy, faint, or have a heart attack or. stroke. 

Do not take CIALIS if you: 
l take any medicines called “nitrates.” 
l use recreational drugs called “poppers” like amyl nitrate and butyl nitrate. 
l take medicines called alpha blockers, other than Flomaxo (tamsulosin HCI) 0.4 mg daily. 

(See “who should not take CIALIS?“) 

Tell all your healthcare providers that you take CIALIS. If you need emergency medical care for a 
heart problem, it will be important for your healthcare provider to know when you last took CIALIS. 

After taking a single tablet, some of the active ingredient of CIALIS remains in your body for 
more than 2 days. The active ingredient cti remain longer if you have problems with your kidneys or 
liver, or you are taking certain other medications (see “Can other medications affect CIALIS?“). 

What is CIALIS? 

CIALIS is a prescription medicine taken by mouth for the treatment of erectile dysfunction (ED) in 
men. 

ED is a condition where the penis does not harden and expand when a man is sexually excited, or when 
he cannot keep an erection. A man who has trouble getting or keeping an erection should see his doctor 
for help if the condition bothers him. CIALIS may help a man with ED get and keep an erection when 
he is sexually excited. 
CIALIS does not: 

l cureED 
l increase a man’s sexual desire 
l protect a man or his partner from sexually transmitted diseases, including HIV. Speak to your 

doctor about ways to guard against sexually transmitted diseases. 
l serve as a male form of birth control 
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CKLIS is only for men with ED, CIALIS is not for women or children. CIALXS must be used only 
under a doctor’s care. 

How does CIALIS work? 

When a man is sexually stimulated, his body’s normal physical response is to increase blood flow to 
his penis. This results in an erection. CIALIS helps increase blood flow to the penis and may help men 
with ED get and keep an erection satisfactory for sexual activity. Once a man has completed sexual 
activity, blood flow to his penis decreases, and his erection goes away. 

Who can take CIALIS? 

Talk to your doctor to decide if CIALIS is right for you. 

CIALIS has been shown to be effective in men over the age of 18 years who have erectile dysfimction, 
including men with diabetes or who have undergone prostatectomy. 

Who should not take CIALIS? 

Do not take CIALIS if you: 
l take any medicines called “nitrates” (See “What important information should you know 

about CIALIS?“). Nitrates are commonly used to treat angina. Angina is a symptom of heart 
disease and can cause pain in your chest, jaw, or down your arm. 
Medicines called nitrates include nitroglycerin that is found in tablets, sprays, ointments, 
pastes, or patches. Nitrates can also be found in other medicines such as isosorbide dir&ate or 
isosorbide mononitrate. Some recreational drugs called “poppers” also contain nitrates, such as 
amyl nitrate and butyl nitrate. Do not use CIALIS if you are using these drugs. Ask your doctor 
or pharmacist if you are not sure if any of your medicines are nitrates. 

l take medicines called “alpha blockers”, other than Flomaxo 0.4 mg daily. Alpha blockers 
are sometimes prescribed for prostate problems or high blood pressure. If CIALIS is taken with 
alpha blockers other than Flomax@ 0.4 mg daily, your blood pressure could suddenly drop to an 
unsafe level. You could get dizzy and faint. 

0 you have been told by your healthcare provider to not have sexual activity because of 
health problems. Sexual activity can put an extra strain on your heart, especially if your heart 
is already weak fkom a heart attack or heart disease. 

l are allergic to CIALIS or any of its ingredients. The active ingredient in CIALIS is called 
tadalafil. See the end of this leaflet for a complete list of ingredients. 

What should you discuss with your doctor before taking CIALIS? 

Before taking CIALIS, tell your doctor about ail your medical problems, including if you: 

l have heart problems such as angina, heart failure, irregular heartbeats, or have had a heart 
attack. Ask your doctor if it is safe for you to have sexual activity. 

l have low blood pressure or have high blood pressure that is not controlled 
l have had a stroke 
l have liver problems 
l have kidney problems or require dialysis 
l have retinitls pigmentosa, a rare genetic (runs in families) eye disease 
0 have stomach ulcers 
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l have a bleeding problem 
l have a deformed penis shape or Peyronie’s disease 
l have had an erection that lasted more than 4 hours 
0 have blood cell problems such as sickle cell anemia, multiple myeloma, or leukemia 

Can other medications affect CIALIS? 

Tell your doctor about all the medicines you take including prescription and non-prescription 
medicines, vitamins, and herbal supplements. CIALIS and other medicines may affect each other. 
Always check with your doctor before starting or stopping any medicines. Especially tell your doctor if 
you take any of the following: 

l medicines called nitrates (See “What important information should you know about CIALIS?“) 
l medicines called alpha blockers. These include Hytrino (terazosin), Flomax* (tamsulosin), 

Cardurae (doxazosin), Minipress@ (prazosin) or Uroxatral@ (almzosin). 
l ritonavir (Nor&@) or indinavir (Crixivan@) 
l ketoconazole or itraconazole (such as Nizoralo or Sporanox@) 
l erythromycin 
l other medicines or treatments for ED 

How should you take CIALIS? 

Take CIALIS exactly as your doctor prescribes. CIALIS comes in different doses (5 mg, 10 mg, and 
20 mg). For most men, the recommended starting dose is 10 mg. CIALIS should be taken no more 
than once a day. Some men can only take a low dose of CIALIS because of medical conditions or 
medicines they take. Your doctor will prescribe the dose that is right for you. 

l If you have kidney problems, your doctor may start you on a lower dose of CIALIS. 
l If you have kidney or liver problems or you are taking certain medications, your doctor may 

limit your highest dose of CIALIS to 10 mg and may also limit you to one tablet in 
48 hours (2 days) or one tablet in 72 hours (3 days). 

Take one CIALIS tablet before sexual activity. In some patients, the ability to have sexual activity was 
improved at 30 minutes after taking CIALIS when compared to a sugar pill. The ability to have sexual 
activity was improved up to 36 hours after taking CIALIS when compared to a sugar pill. You and 
your doctor should consider this in deciding when you should take CIALIS prior to sexual activity. 

. Some form of sexual stimulation is needed for an erection to happen with CIALIS. CIALIS may be 
taken with or without meals. 

Do not change your dose of CIALIS without talking to your doctor. Your doctor may lower your dose 
or raise your dose, depending on how your body reacts to CIALIS. 

Do not drink alcohol to excess when taking CIALIS (for example, 5 glasses of wine or 5 shots of 
whiskey). When taken in excess, alcohol can increase your chances of getting a headache or getting 
dizzy, increasing your heart rate, or lowering your blood pressure. 

If you take too much CIALIS, call your doctor or emergency room right away. 

What are the possible side effects of CIALIS? 

The most common side effects with CIALIS are headache, indigestion, back pain, muscle aches, 
flushing, and stuffy or runny nose. These side effects usually go away after a few hours. Patients who 
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get back pain and muscle aches usually get it 12 to 24 hours after taking CIALIS. Back pain and 
muscle aches usually go away by themselves within 48 hours. Call your doctor if you get a side effect 
that bothers you or one that will not go away. 

CIALIS may uncommonly cause: 
l an erection that won’t go away (priapism). If you get an erection that lasts more than 

4 hours, get medical help right away. Priapism must be treated as soon as possible or lasting 
damage can happen to your penis including the inability to have erections. 

l vision changes, such as seeing a blue tinge to objects or having difficulty telling the difference 
between the colors blue and green. 

These are not all the side effects of CIALIS. For more information, ask your doctor or pharmacist. 

How should CIALIS be stored? 
l Store CIALIS at room temperature between 59” and 86°F (15’ and 30°C). 
l Keep CIALIS and all medicines out of the reach of children. 

General Information about CIALIS: 

Medicines are sometimes prescribed for conditions other than those described in patient information 
leaflets. Do not use CIALIS for a condition for which it was not prescribed. Do not give CJALJS to 
other people, even if they have the same symptoms that you have. It may harm them. 

This leaflet summarizes the most important information about CIALIS If you would like more 
information, talk with your healthcare provider. You can ask your doctor or pharmacist for information 
about CIALIS that is written for health professionals. 

For more information you can also visit www.cialis.com, or call l-877-242-5441. 

What are the ingredients of CIALIS? 

Active Ingredient: tadalafil f_ 

Inactive Ingredients: croscarmellose sodium, hydroxypropyl cellulose, hypromellose, iron oxide, 
lactose monohydrate, magnesium stearate, microcrystalline cellulose, sodium lauryl sulfate, talc, 
titanium dioxide, and triacetin. 

Rx only 

Norvire (ritonavir) and Hytrin@ (terazosin) are registered trademarks of Abbott Laboratories 
Crixivane (indinavir sulfate) is a registered trademark of Merck & Co., Inc. 
Nizoralo (ketoconazole) and Sporanox* (itraconazole) are registered trademarks of Janssen 
Pharmaceutics, Inc. 
Flomaxe (tamsulosin) is a registered trademark of Boehringer Ingelheim Pharmaceuticals, Inc. 
Cardurae (doxazosin) and Minipress@ (prazosin) are registered trademarks of Pfzer, Inc. 
Uroxatrale (alfuzosin) is a registered trademark of Sanofi-Synthelabo 

Literature issued November, 2003 
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Manufactured for Lilly ICOS LLC 
by Eli Lilly and Company 

Indianapolis, IN 46285, USA 

www.cialis.com 

NL 4600 AMP PRINTED IN USA 
Copyright 0 2003, Lilly ICOS LLC. All rights reserved. 



United States Patent [19] [III Patent Number: 5,859,006 
Dawan 1451 Date of Patent: Jan. 12,1999 

1~~ 
USOO5859006A 

1543 TETRACYCLIC DERIVATIVES PROCESS 
OF PREPWON AND USE 

[75] Inventor: Alain Claude-Marie Daugan, Les Ulis, 
France 

[73] Asignee: ICOS Corporation, Boeell, Wash. 

1211 AppI. No.: 669,389 

[223 PCTFiledz Jan. 19,199s 

[86] PCI- No.: PCT/EP95/00183 

5 371 Date: Jul. 17,1996 

$ lcn(e) Date: Jul. 17,1996 

[87] Pff Pub. No.: WO95Jl9978 

PCT Pub. Date: Jul. 27,199s 

Primary Exuminer~ukund J. Shah 
Ass&ant Jhrnher-“amtbom T. Ngo 
Anormq Agent, or Firm-Marshall, O’Toole, Gerstein, . 
Murray t Bonm 

1571 ABSTRACT 

A compound of formula (I) 

WI Foreign Application Priority Data 
Jan. 21, 1994 [GB] United Kingdom . . . . . . . . . . . . . . . . . . . 9401090 

[51] Int. Cl? . . . . . . . ..I................ AOlN 43/58; AOlN 43/42; 
CCt7D 241/36; CO7D 471100 

[52] US. Cl. . . . . . . . . . . . . . . . . . . . . . . . . . . 514/249; 514J2.50; 514/292; 
544J343; 546J81; 546J85 

[.58] Field of Search . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 544/343; 5141249, 
514/250, 292; 546J81, 85 

and salts and solvates thereof, iu which: 
R” represents hydrogen, halogen or C,,alkyl; 
R’ represents hydrogen, C,-,alkyl, C,,alkenyl, 

C,-,alkynyl, baloC,~,alkyl, C,-acycloalkyl, 
C,-,cycloalkylC,-,alkyl, arylC,-,alkyl or 
heteroarylC,Jky~ R2 represents au optionally sub- 
stituted monocyclic aromatic ring selected from 
benzene, tbiopbene, furan andpyridine or au optionally 
substituted bicyclic ring 
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6-membered ring wbicb may be saturated or partially or 
fully uusaturated and comprises carbon atoms aud optionally 
one or two beteroatoms selected from oxygen, sulphur and 
nitrogen; and 

R3 represents hydrogen or C,,alkyl, or R1 and R3 
together represent a 3- or 4-membered a&y1 or alkenyl 
chain. 
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A compound of formula (I) is a potent and selective 
inhibitor of cyclic guanosiue 3’, 5’-monophosphate spe- 
cific phospbodiesterase (cGMP specific PDE) having a 
utility in a variety of therapeutic areas where such 
inhibition is beneficial, including the treatment of car- 
diovascular disorders. 
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TETRACYCLXC DERIVATIVES; PROCESS 
OF PREPARATION AND USE 

This is a 371 application of PctEP filed on Jan. 19,1995. 
This invention relates to a series of tetracyclic 

derivatives, to processes for their preparation, pharmaceu- 
tical comp&tions containing them, and their use as thera- 
peutic agents. In particular, the invention relates to tetracy- 
clic derivatives which are potent and selective inhibitors of 
cyclic guanosine 3’J’-monophosphate specific phosphodi- 
esterase (cGMP specific PDE) having utility in a variety of 
therapeutic areas where such iuhiiition is thought to be 
beneficial, including the treatment of cardiovascular disor- 
ders. 

Thus, according to a first aspect, the present invention 
15 

provides compounds of formula (I) 

S 

10 

0 
\I 

W  
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and salts add solvates (e.g. hydrates) thereof, in which: 
R” represents hydrogen, halogen or C,,alkyI; 
R1 represents hydrogen, C,-,alkyl, C,-,alkenyl, 

C,-,alkynyl, haloCI-,alkyl, C,-,cycloalkyl, 
C,-,cycloalkylC,-,alkyl, arylC,-,alkyl or 
heteroarylC,alkyl; 

Rz represents an optionally substituted ,monocyclic aro- 
matic ring selected from benzene, thiophene, furan and 
pyridine or an optionally substituted bicyclic ring 

attached to the rest of the molecule via one of the benzene 
ring carbon atoms and wherein the fused ring A is a 5- or 
6-membered ring which may be saturated or partially or 
Eully unsaturated and comprises carbon atoms and optionally 
one or two heteroatoms selected from oxygen, sulphur and 
nitrogen; and 

R3 represents hydrogen or C,,alkyl, or R’ and R’ 
together represent a 3- or 4- membered alkyl or alkenyl 
chain. 

There is further provided by the present invention a 
subgroup of compounds of formula (I), the subgroup com- 
prising compounds of formula (Ia) 

and salts and solvates (e.g. hydrates) thereof, in which: 
R” represents hydrogen, haIogen or C,, alkyk 
R’ represents hydrogen, C,-,alkyl, haloC,-,alkyl, 

C3-acycloalkyl, C,-,cycloalkylC,-,alkyl, 
arylC,,alkyl or heteroary&,alkyl; and 

20 

25 

30 

2 - 
Rz represents an optionally substituted monocyclic aro- 

matic ring selected from benzene, thiophene, furan and 
pyridine or an optionally substituted bicyclic ring 

attached to the rest of the molecule via one of the benzene 
ring carbon atoms and wherein the fused ring A is a S- or 
6-membered ring which may be saturated or partially or 
fully unsaturated and comprises carbon atoms and optionally 
one or two heteroatoms selected from oxygen, sulphur and 
nitrogen. 

Within R’ above, the term “aryl” as part of an 
arylC,,alkyl group means phenyl or phenyl substituted by 
one or more (e.g. 1, 2 or 3) substituents. selected from 
halogen, C,,alkyl, C&alkoxy and methylenedioxy. The ’ 
term “heteroaryl” as part of a heteroarylC,-+lkyl group 
means thienyl, fury1 or pyridyl each optionally substituted 
by one or more (e.g. 1, 2 or 3) substituents selected from 
halogen, C,-,alkyl and C,-,alkoxy. The term 
“C,-,cycloalkyl” as a group or part of a 
C~cycloalkylC,,alkyl group means a monocycIic ring 
comprising three to eight carbon atoms. Examples of suit- 
able cycloalkyl rings include the C,cycloa&yl rings 
cyclopropyl, cyclobutyl, cyclopentyl and cyclohexyl. 

Within R2 above, optional benzene ring substituents are 
selected from one or more (e.g. 1; 2 or 3) atoms or groups 
comprising halogen, hydroxy, C,,alkyl, C,,alkoxy, 
-CO%R’, haloC,alkyl, haloC,,alkoxy, cyano, nitro and 
NR”R , where R” and Rb are each hydrogen or C,,alkyl, or 
R” may also represent C,&kanoyl or C,,alkylsulphonyl. 

35 Optional substituents for the remaining ring systems are 
selected from one or more (e.g. 1,2 or 3) atoms or groups 
comprising halogen, C,-,alkyl, C,-,alkoxy and 
aryK,,alkyl as defined above. The. bicyclic ring 

40 

45 may, for example, represent naphthalene, a heterocycle such 
as benzoxazole, benzothiazole, benzisoxazole, 
benzimidazole, quinofine, indole, benzothiopheue or benzo- 
furan or 

5s (where n is an integer 1 or 2 and X and Y may each represent 
CH,, 0, S or NH). 

In the above definitions, the term “alkyr as a group or 
part of a group means a straight chain or, where available, a 
branched chain alkyl moiety. For example, it may represent 

60 a C,,alkyl function as represented by methyl, ethyl, 
n-propyl, i-propyl, n-butyl, s-butyl and t-butyl. The term 
‘alkenyl’ as used herein includes straight-chained and 
branched alkenyl groups, such as vinyl and alIy1, groups. 
The term ‘alkynyl’ as used herein includes straight-chained 

6s and branched alkynyl groups, suitably acetylene. The term 
“halogen” herein means a fluorine, chlorine, bromine or 
iodine atom. The term “halo&all@” means an alkyl group 
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as defined above comprising one to six carbon atoms sub- 
stituted at one or more carbon atoms by one or more (e.g. 1, 
2 or 3) halogen atoms. Similarly, a haloC,,alkoxy group is 
a haloC,,alkyl group as defined above linked to the R* 
benzene ring via an oxygen atom. Examples of 
haloC;,alkyl groups include tritluoromethyl and 2,2,2- 
trifiuoroethyl. An example of a haloC1,alkoxy group is 
trifluoromethoxy. The term T,,alkanoyl” means a 
C,,allcylcarbonyl group where the C,,alkyl portion is aa 
deiined above. An example of a suitable ~,allcanoyl group 
is the Qdlcanoyl group acetyl. 

It will be appreciated that when R* is a halogen atom or 
a C,,alkyl group this substituent may be sited at any 
available position on the phenyl portion of the tetracyclic 
ring. However, a particular site of attachment is the ring 
lo-position. 

The compounds of formula (I) may contain two or more 
asymmetric centres and thus can exist as enantiomers or 
diastereoisomem. In particular, in formula (I) above two ring 
chiral centres are denoted with asterisks. It is to be under- 
stood that the invention includes both mixtures and separate 
individual isomers of the compounds of formula (I). 

The compounds of formula (I) may also exist in tauto- 
meric forms and the invention includes both mixtures and 
separate individual tautomers thereof. 

The pharmaceutically acceptable salts of the compounds 
of formula (I) which contain a basic centre are acid addition 
salts formed with pharmaceutically acceptable acids. 
Examples include the hydrochloride, hydrobromide, sul- 
phate or bisulphate, phosphate or hydrogen phosphate, 
acetate, benzoate, succiuate, fumarate, maleate, lactate, 
citrate, tartrate, gluconate, methanesulphonate, benzene- 
sulphonate and p-tohtenesulphooate salts. Compoundsof the 
formula (I) can also provide pharmaceutically acceptable 
metal salts, in particular alkali metal salts, with bases. 
Examples in&de the sodium and potassium salts. 

A particular group of compounds of the invention are 
those compounds of formula (l) in which R” is hydrogen or 
halogen (e.g. fluorine), especially hydrogen. 

Another particular group of compounds of the invention 
are those compounds of formula (I) in which R1 represents 
hydrogen, C,,alkyl, haloC,-,alkyl, C,,cycloalkyl, 
t&$ycloalkylmethyl, pyridylC,-9alkyl, furyl&$lkyl or 
optionally substituted benxyl. Within this particular group of 
compounds, examples of C,,alkyl groups are methyl, ethyl, 
n-propyl, i-propyl and n-butyl. Examples of 
Cs&ycloalkylmethyl groups are cyclopropyhnethyl and 
cyclohexylmethyl. Examples of optionally substituted, ben- 
zyl groups include benzyl and halobenzyl (e.g. 
fluorobenyl). 

A further particular group of .compounds of the invention 
are those compounds of formula (I) in which R* represents 
an optionally substituted benzene, thiophene, furan, pyridine 
or naphthalene ring or an optionally substituted bicyclic ring 

(whemnislor2andXandYareeachCHaorO).Within 
this particular group of compounds, examples of substituted 
benzene groups are benzene substituted by one of halogen 
(e.g. chlorine), hydroxy, C&alkyl (e.g. methyl, ethyl or 
i-propyl), C,,allcoxy (e.g. methoxy or etboxy), -CO,&*, 
halomethyl (e.g. trifluoromethyl), halometboxy (e.g. 
tritluoromethoxy), cyano, nittu or NR”Rb where R” and Rb 
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4 
am each hydrogen or methyl or R” is acetyk or benxene 
substituted by dihalo (e.g. dichloro) or by C1&koxy (e.g. 
methoxy) and one of halogen (e.g. chlorine) and hydroxy, 
An example of a substituted thionhene ring is a halo (e*g. 
bromo) s&stituent thiophene ring. 

A still further particular group of compounds of formula 
I are those wherein R3 represents hydrogen or R1 and R3 
together represent a 3-membered alkyl chain. 

A preferred group of compounds of the invention are the 
cis isomers of formula (I) represented by formula (Ib) 

R" 

N 
H 

and mixtures thereof with their cis optical enantiomers, 
including racemic mixtures, and salts and solvates (e.g. 
hydrates) of these compounds in which R” is hydrogen or 
halogen (e.g. fluorine), especially hydrogen and R”, R* and 
R3 are as defined previously. 

The single isomers represented by formula (lb), i.e. the 
6R, 12aR isomers, are particularly preferred. 

Within the above definitions R1 may preferably represent 
C,-,alkyl (e.g. methyl, etbyl, i-propyl and n-butyl), 
C&cycloalkyl (e.g. cyclopentyl) or C,cycloalkylmethyI 
(e.g. cyclopropylmethyl). 

R2 may preferably represent a substituted benzene ring 
such as benzene substituted by C,,alkoxy (e.g. methoxy) or 
by C,,alkoxy (e.g. methoxy) and halogen (e.g. chlorine), 
particularly emethoxyphenyl or 3-chloro4-methoxypheny1, 
or R* may preferably represent 3,4methylenedioxyphenyl. 

It ia to be understood that the preaat invention covers all 
appropriate combinations of particular and preferred group- 
ings hereinabove. 

Particular individual compouuds of the invention include: 
Cis-2~,6,7,12,12a-hexahydro-2-(4-pyridylmethyl)-6-3,4- 

methylenedioxyphenyl)-pyraxin~2’,l’:6,ljpyrido[3,4-b] 
indole-1Pdione; 

Cis-2,3,6,7,12,12a-hexahydro6-(2,3-dihydrobenxo~#uran- 
5-yl)-2-metbyl-pyrazin~2’,l’:6,l~yrido[3,4b]indole-l,4- 
dione; 

Cis-2,3,6,7,12,12a-hexabydro-6-(5-bromo-2-thienyl)-2- 
methyl-pyrasiuo[2’,1’:6,ljpyrido~3,4-b]indole-l,4-dione; 

Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4-metbylphenyl)- 
pyraxino[2,1’:6,l]d~3,4-bjindole-l,4dione; 

(6R,12aR)-25,6,7,12,12a-Hexahydro-2-isap- 
methylenedioxyphenyl)-pyraxin~2’,1’:6,lJpyrido[3,4-b] 
indob-1,4-dione; 

(6R112aR)-2,3,6,7,12,12a-Hexahydro-2-cyc1opemy1-6-(3,4- 
metbylenedioxyphenyl)-pyraxin~2’,1’:6,l~yrido[3,4-b] 
indole-1,4&me; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2- 
cyclopropylmethyl-6-(4-methoxypbenyl)-pyrazino[2’, 
1’:6,ljpyrido[3,4-bjindole-1,4dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3-chloro4- 
methoxypbenyl)-2-methyl-pyraziu~2’,l’:6,lJpyrid~3,4- 
b]indok-1,4-dione; 

(6R,12aR)-29,6,7,12,12a-Hexahydro-2-metbyl-6-(3,4- 
methylenedioxypbenyl)-pyraxin~2’,1’:6,12pyri~3,4-b] 
indole-1,4-dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexabydro-6-(3,4- 
methylenedioxyphenyl)-pyraxin~2’,1’:6,l&yrido[3,4-b] 
indole-1,4-dione; . ^ _ . --a-. 
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and physiologically acceptable salts and solvates (e.g. hypertension, pulmonary hypertension, chronic obstructive 
hydrates) thereof. pulmonary disease, congestive heart failure, renal failure, 

A specific compound of the invention is: atherosclerosis, conditions of reduced blood vessel patency, 
(6R,12aR)-2~,6,7,12,12a-hexahydro-2-metbyl-6~3,4- (e.g. postPICA), peripheral vascular disease, vascular dis- 

methytenedioxyphenyl)-pyrazin~2’,1’:6,l~yrid~3,4-b] s orders such as Raynaud’s disease, infiammatory diseases, 
indole-1,4dione; stroke, bronchitis, chronic asthma, allergic, asthma, allergic 

and physiologically acceptable salts and solvates (e.g. rhi&s, glaucoma or diseases characterised by disorder of 
hydrates) thereof. gut motility (e.g. IFS) in a human or non-human animal 

It has been shown that compounds of the present inven- body which comprises admimstering to said body a thera- 
tion are potent and selective inhibitors of cGMP specific IO peutically effective amount of a compound with formula (I). 
PDE. Thus, compounds of formula (I) are of interest for use Compounds of the invention may be admiuistered by any 
in therapy, spe&cally for the treatment of a variety of suitable route, for example by oral, buccal, sub-lingual, 
conditions where inhibition of cGMP specific PDE is rectal, vaginal, nasal, topical or parenteral (including 
thougllt to be beneficial. intravenous, intramuscular, subcutaneous and iutracoronary) 

As a consequence of the selective PDE V inhibition IS administration. Oral administration is generally preferred. 
exhibited by compounds of the present invention, cGMP For administration to man iu the curative or prophylactic 
levels are elevated, which in turn can give rise to beneficial treatment of the disorders ideutitied above, oral dosages of 
anti-platelet, anti-neutrophil, anti-vasospastic, vaaodilatory, a compound of formula (l) will generally be iu the range of 
natriuretic and diuretic activities as well as potentiation of from 0.5800 mg daily for an average adult patient (70 kg). 
the effects of endotheliumderived relaxing factor (EDRF), 20 Thus for a typical adult patient, individual tablets or capsules 
nitrovasoditators, atrial natriuretic factor (ANF), brain natri- contain from 0.2400 mg of active compound, in a suitable 
uretic peptide @VP), C-type oatriuretic peptide (CNP) and pharmaceutically acceptable vehicle or carrier, for admiuis- 
endothelium-dependent relaxing agents such as bradykinin, tration in single or multiple doses, once or several times per 
acetylcholiue and 5-HT,. The compounds of formula (I) day. Dosages for intravenous, buccal or sublingual admin- 
therefore have utility iu the treatment of a number of 25 &ration will typically be within the range of from 0.14 
disorders, including stable, unstable and variant mg per single dose as required. In practice the physician will 
(Primmetal) angina, hypertension, pulmonary hypertension, determine the actual dosing regimen which will be most 
congestive heart failure, renal failure, atherosclerosis, con- suitable for an individual patient and it wiil vary with the 
ditious of reduced blood vessel patency (e.g. post- age, weight and response of the particular patient. The above 
percutaneous trausluminal corouary augioplasty), peripheral 30 dosages are exemplary of the average case but there can be 
vascular disease, vascular disorders such as Rayuaud’s individual instances in which higher or lower dosage ranges 
disease, inflammatory diseases, stroke, bronchitis, chronic may be merited, and such are witbin the scope of this 
asthma, allergic asthma, allergic rhinitis, glaucoma and invention. 
diseases character&d by disorders of gut motility (e.g. For human use, a compound of the formula (I) can be 
irritable bowel syndrome). 35 administered alone, but will generally be administered in 

It will be appreciated that references herein to treatment , admixture with a pharmaceutical carrier selected with regard 
extend to prophylaxis as well as treatment of established to the intended route of administration and standard phar- 
conditions. maceutical practice. For example, the compound may be 

It will also be appreciated that ‘a compound of formula administered orally, buccally or sublingually, in the form of 
(I),’ or a physiologically acceptable salt or solvate thereof 46 tablets containing excipients such as starch or lactose, or in 
can be administered as the raw compound, or as a pharma- capsules or ovules either alone or in admixture with 
ceutical composition containing either entity. excipients, or iu the form of elixirs or suspensions contain- 

There is thus provided as a further aspect of the invention ing flavouring or colouring agents. Such liquid preparations 
a compound of formula (I) for use in the treatment of stable, may be prepared with pharmaceutically acceptable additives 
unstable and variant (Priuxmetal) angina, hypertension, pul- 45 such as suspending agents (e.g. methylcellulose, a semi- 
monary hypertension, chronic obstructive pulmonary synthetic glyceride such as witepsol or mixtures of glycer- 
disease, congestive heart failure, renal failure, ides such as a mixture of apricot kernel oil and PEG-6 esters 
atherosclerosis, conditiousof reduced blood vessel patency, or mixtures of PEG-g and capryiictcapric glycerides). A 
(e.g. post-PTCA), peripheral vascular disease, vascular dis- compound may also be injected parenterally, for example 
orders such as Raynaud’s disease, inflammatory diseases, SO intravenously, intramuscularly, subcutaneously or intracoro- 
stroke, bronchitis, chronic asthma, allergic asthma, allergic narily. For parenteral administration, the compound is best 
rhinitis, glaucoma or diseases character&d by disorders of used in the form of a sterile aqueous solution which may 
gut motility (e.g. IRS). contain other substances, for example salts, or monosaccha- 

According to another aspect of the invention, there is rides such as mannitol or glucose, to make the solution 
provided the use of a compound of formula (I) for the 55 isotonic with blood. 
manufacture of a medicament for the treatment of stable, Thus, the invention provides in a further aspect a phar- 
unstable and variant (Prinxmetal) angina, hypertension, pul- mace&al composition comprising a compound of the 
monary hypertension, chronic obstructive pulmonary formula (I) together with a pharmaceutically acceptable 
disease, congestive heart failure, renal failure, d&rent or carrier there&u. 
atherosclerosis, conditions of reduced blood vessel patency, M) There is further provided by the present iuvention a 
(e.g. post-PTCA), peripheral vascular disease, vascular dis- process of preparing a pharmaceutical composition compris- 
orders such as Raynaud% disease, inflammatory diseases, ing a compound of formula (I), which process comprises 
stroke, bronchitis, chronic asthma, allergic asthma, allergic mixing a compound of formula (I) together with a pharma- 
rhinitis, glaucoma or diseases character&d by disorders of ceutically acceptable diluent or carrier therefor. 
gut motility (e.g. 133S). 65 A compound of formula (I) may also be used in combi- 

In a further aspect, the invention provides a method of nation with other tharapeutic agents which may be useful in 
treating stable, unstable and variant (Prinxmetal) angina, the treatment of the above-mentioned disease states. The 
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invention thus provides, in another aspect, a combination of 
a compound of formula (I) together with another tberapeu- 
tically active agent. 

The combination referred to above may conveniently be 
presented for use in tbe form of a pharmaceutical formula- 
tion and thus pharmaceutical compositions comprising a 
combination as defined above together with a pharmaceuti- 
cally acceptable diluent or carrier comprise a further aspect 
of the invention. 

Tbe indivkktal components of such a combination may 
also be Wed either sequentially or simuttaneously in 
separate pharmaceutical formulations. 

Appropriate doses of known therapeutic agents for use in 
combination with a compound of formula (I) will be readily 
appreciated by tboae skilled in the art. 

Compounds of formula (I) may be prepared by any 
suitable method known in the art or by the following 
processes which form part of the present invention. In the 
methods below R”, R’ and R2 ate as defined in formula (I) 
above unless otherwise indicated. 

Thus, a process (A) for preparing a compound of formula 
(I) wherein R3 represents hydrogen comprises treating a 
compound of formula (II) 

(in which Alk represents &+lkyl, e.g. methyl or ethyl and 
Hal is a halogen atom, e.g. chlorine) with a primary amine 
RINHa in a suitable solvent such as an alcohol (e.g. metba- 
no1 or ethanol) or a mixture of solvents, conveniently at a 
temperature of from 200 C!. to reflux (e.g. at about 50” C.). 

A compound of formula (11) may conveniently be pre- 
pared by treating a compound of formula (III) 

with a baloacetyl halide (e.g. chloroacetyl chloride) in a 
suitable solvent such as a halogenated hydrocarbon (e.g. 
trichloromethane or dicbloromethane), or an ether (e.g. 
tetrahydrofuran), preferably in the presence of a base such as 
an organic amine (e.g. a trialkylamine such as trietbylamine) 
or an alkali metal carbonate or bicarbonate (e.g. NaHCOd. 
The reaction may conveniently be effected at a temperature 
of from -20° C. to +20” C. (e.g. at about 00 C.). 

A compound of formula (I) may also be prepared from a 
compound of formula (HI) in a two-step procedure via a 
compound of formula (II) isolated without purification, 

Compounds of formula (I) may be prepared as individual 
enantiomers in two steps from the appropriate enantiomer of 
formula (RI) or as mixtums (e.g. racemates) of either pairs 
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of cis or trans isomers from the corresponding mixtures of 60 
either pairs of cis or trans isomers of formula (III). 

Individual enantiomers of the compounds of the invention 
may be prepared from racemates by resolution using meth- 
ods known in the art for tbe separation of racemic mixtures 
into their constituent enantiomers, for example using HPLC 65 
(high performance liquid chromatography) on a chiral col- 
umn such as HypersiI naphthylurea. 

A compound of formula (ID’) may conveniently be pre- 
pared from a tryptophan aRtyI ester of formula (IV) 

RDaT> 

0 # 

0m 

H 

(where A& is as previously de&d) or a salt thereof (e.g. the 
hydrochloride salt) according to either of the following 
procedures (a) and (b). Procedure (b) is only suitable for 
preparing cis isomers of formula @I) and may be particu- 
larly suitable for preparing individual cis enautiomers of 
formula (III) from D- or L-tryptophan alkyl esters as appro- 
priate. 
Procedure (a) 

This comprises a Pictet-Spengler cyclisation between a 
compound of formula (IV) and an aldehyde R2CH0. The 
reaction may conveniently be effected in a suitable solvent 
such as a halogenated hydrocarbon (e.g. dichlorometbane) 
or an aromatic hydrocarbon (e.g. toluene) in the presence of 
an acid such as trifluoroacetic acid. The reaction may 
conveniently be carried out at a temperature of from -20’ C. 
to reflux to provide a compound of formula (Ill) in one step. 
The reaction may also be carried out in a solvent such as an 
aromatic hydrocarbon (e.g. benzene or toluene) under reflux, 
optionally using a Dean-Stark apparatus to trap the water 
produced. 

The reaction provides a mixture of cis and tram+ isomers 
which may be either individual enantiomers or racemates of 
pairs of cis or trans isomers depending upon whether race- 
mic or enantiomerically pure tryptopban alkyl ester was 
used as the starting material. individual cis or trans eoanti- 
omers may conveniently be separated from mixtures thereof 
by fractional crystallisation or by chromatography (e.g. flash 
column chromatography) using appropriate solvents and 
eluents. Similarly, pairs of cis and trans isomers may be 
separated by chromatography (e.g. flash column 
chromatography) using appropriate eluents. An optically 
pure trans isomer may also be converted to an optically pure 
cis isomer using suitable epimerisation procedures. One 
such procedure comprises treating the trans isomer or a 
mixture (e.g. 1:l mixture) of cis and trans isomers with 
methanolic or aqueous hydrogen chloride at a temperature of 
from O” C. to the refluxing temperature of the solution. The 
mixture may then be subjected to chromatography (e.g. flash 
column chromatography) to separate the resulting 
diastereoiaomers, or in the procedure utilising aqueous 
hydrogen chloride the desired cis isomer precipitates out as 
the hydrochloride salt which may then be isolated by filtra- 
tion. 
Procedure (b) 

This comprises a four-step procedure from a compound of 
formula (Iv) or a salt thereof (e.g. the hydrochloride salt). 
The procedure is particularly suitable for preparing a lR, 3R 
isomer of formula (Ill) from a D-tryptophan alay1 ester of 
formula (lV) or a salt thereof (e.g. the hydrochloride salt). 
Thus, a first step (i) comprises treating a compound of 
formula (IV) with an acid halide R*COHal (where Hal is as 
previously &&ted) in the presence of a base, e.g. an organic 
base such as a trialkylamine (for example trietbylamine), to 
provide a compound of formula (V) 
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The reaction may be conveniently carried out in a suitable 
solvent such as a halogenated hydrocarbon (e.g. 
dichloomethane) or au ether (e.g. &trahydrofuran) and at a 
temperature of lkom -2O* C. to +UY C. 

Step (iii comprises treating a compound of formula or) 
with an agent to convert the amide group to a thioamide 
group. Suitable sulfurating agents are well-lmown in the art. 
Thus, for example, the reaction may conveniently be 
effected by treating (V) with Lawesson’s reagent. This 
reaction may conveniently be carried out in a suitable 
solvent such as an ether (e.g. dimethoxyethane) or an 
aromatic hydrocarbon (e.g. toluene) at an elevated tempera- 
ture such as from 40’ C. to 80” C. to provide a compound 
of formula (VI) 

H 

Step (iii) comprises treating a compound of formula (Vl) 
with a ,suilable agent to provide a compound of formula 
WI) 

H H k2 k2 
(where Hal is a halogen atom, e.g. iodine). The reaction may (where Hal is a halogen atom, e.g. Mine). The reaction may 
conveniently be effected by treating (VI) with an allcylating conveniently be effected by treating (VI) with an allcylating 
agent such as a methyl halide (e.g. methyl iodide) or an agent such -as a methyl h&& (e.g.. ~&thy1 iodide) or ti 
acylating agent such as an acetyl halide (e.g. acetyl chloride) acylating agent such as an acetyl halide (e.g. acetyl chloride) 
in a suitable solvent such as a haloeenated hvdrocarbon (e.g. in a suitable solvent such as a haloeenated hvdrocarbon (e.g. 
dichloromethaue) at an elevatedWtemperaktre (e.g. u&l& 
reflux). 

In step (iv) the resulting iminium halide of formula (Vll) 
may be treated with a reducing agent such as boron hydride, 
e.g. sodium borohydride, to provide the desired compound 
of formula (III). The reduction may conveniently be effected 
at a low temperature, e.g. within the range of -100” C. to 0” 
C., in a suitable solvent such as an alcohol (e.g. methanol). 

There is further provided by the present invention a 
process (B) for preparing a compound of formula (I), 
wherein R’ and R3 together represent a 3- or 4-membered 
alky1 or allcenyl chain, which process (B) comprises cycli- 
sation of a compound of formula (WI) 

wherein Alk represents C,,alkyl and R’ and R3 together 
represent a 3- or 4-membered chain both as hen&before 
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10 
described The cyclisation is suitably carried out in an 
organic solvent or solvents, such as an alcoholic solvent (e.g. 
methanol) and optionally an ether solvent such as 
tetrahydxofurau, and in the presence of a reduciug agent, 
aptly a palladium catalyst, such as palladium on carbon. 

Conveniently a compound of formula (VIII) ?s prepared 
by reaction of a compound of formula (III) as hereinbefore 
described with a compound of formula (Ix) 

R’ 
\ 

@r) 

N-R’ 

Hat 
a- 

RS 

0 

wherein Hal represents a halogen atom as hereinbefore 
described, R1 and R3 together represent a 3- or 4membered 
chain as hereinbefore described and R4 represents a protect- 
ing group, suitably a benzyloxycarbonyl group or the like. 
Typically the reaction is carried out in a chlorinated organic 
solvent, such as dichloromethaue, and a tertiary amine, such 
as triethylamine or the like. 

According to a further aspect of the present invention, 
there is provided a process (C) for preparing a compound of 
formula (I) wherein R3 represents C,,alkyl, which process 
comprises cyclisation of a compound of formula (X) 

wherein Alk represents &a&y1 as hereinbefore desc&ed 
and Rs represents C&alkyl, substituted at C, by a halogen 
atom, the halogen atom being as hereiubefore described. 
Suitably the cyclisation is achieved by reflux for many 
hours, such as 22 to 26 hours, in the presence of an ether 
solvent, such as tetrahydrofurau, and a suitable amine as 
hereinafter descri%ed in the accompanying examples. 

Aptly a compound of formula (X) can be prepared from 
a compound of formula (III) by suitable acylation 
techniques, such as reaction with a C,,,carboxylic acid, 
substitukd at C, by a halogen atom in a halogenated organic 
solvent, such as dichloromethane. 

Cumpounds of for&la (I) may be converted to other 
compods of formula (I). Thus, for example, when R* is a 
substituted benzene ring it may be necessary or desirable to 
prepare the suitably substituted compound of formula (I) 
subsequent to process (A), (B) or (CT) as above. Examples of 
appropriate interconversions include nitro to amino or 
aralkyloxy to hydroxy by suitable reducing means (e.g. 
using a reducing agent such as Sncl, or a palladium catalyst, 
such as palladium-on~arbon), or amiuo to substituted amino 
such as acylamino or suiphonylamino using standard acy- 
lating or sulfonylating conditions. In the case where R2 
represents a substituted bicyclic systkn, suitable intercon- 
version can involve removal of a substitueut, such as by 
treatme& with a palladium catalyst (e.g. palladium-on- 
carbon) whereby, for example, a benzyl substituent may be 
removed from a suitable bicyclic system. 

The pharmaceutically acceptable acid addition salts of the 
compounds of formula (I) which contain a basic centre may 
be prepared in a conventional manner. For example, a 
solution of the fret base may be treated with a suitable acid, 
either neat or in a suitable solution, and the resulting salt 
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isolated either by filtration or by evaporation under vacuum 
of the reactioo solvent. Pharmaceutically acceptable base 
addition salts may be obtained in an analogous mamier by 
treating a solution of a compound of formula (Q with a 
suitable base. Both types of salt may be formed or inter- 
converted using ion-exchange resin techniques. 

Compounds of the invention may be isolated in aasocia- 
tioo with solvent molecules by crystallisatioo from or evapo- 
ration of a0 appropriate solvent. 

Thus, according to a further aspect of the invention, we 
provide a process for preparing a compound of formula (I) 
or a salt or solvate (e.g. hydrate) thereof which comprises 
process (A), (B) or (C) as hereinbefore &s&bed followed 
by 

i) a0 interconversion step; and/or either 
iii salt formation; or 
iii) solvate (e.g. hydrate) formation. 
There is further provided by the present inveotion com- 

pounds of formulae (II), (VIII), (X) and further compounds 
of formulae (III), (V), (VI) and (VII), with the exception for 
compounds (HI), (V), (VI) and (VII) wherein R” is 
hydrogen, RZ is pheuyl and Alk is methyl. 

‘he synthesis of the compounds of the invention and of 
the intermediates for use therein are illustrated by the 
followiug, non-limiting Examples. In the Examples section 
hereinafter the following abbreviations are used: 

DMSO (dimethylsulphoxide), MeOH (methanol), EtOH 
(ethanol), DMF (dimethylformamide), EtOAc (ethyl 
acetate) arul THF (tetrahydrofuran). 

INTERMEDIATES 1 AND 2 

INTERMEDIAl’ES6AND7 

5 

10 

1.5 

Methyl 1,2,3+tetrahydro-l-&thoxyphenyl)-9H- 
pyri~3,4-bJindole-3~arboxylate~ cis and trans 

isomers 

The same method but starting from racemic tryptophan 
methyl ester and eethoxybenzaldehyde gave Intermediate 
6, the cis isomer as white crystals m.p.5800 C. and Inter- 
mediate 7, the trans Isomer as white crystals m.p.:196*-198” 
C. 

INTEXMEDm8AND9 

Methyl l~~,~te~ahy~o-l~2~i~~~~] 
furan-5-yl)-9Hpyrid~3,4-b&xlole~3-carboxylate, 

cis and trans isomers 
The same method but starting from racemic tryptophan 

methyl ester and 2,3-dihydrobenzo[bJfuran-S- _. -- zo carboxaldehyde gave Intermediate 8, the cis isomer as white 
crystals m.p.:106°-1090 C. and Intermediate 9, the traos 
isomer as white crystals m.p.:219”-222” C. 

INTERMEDIATES 10 AND 11 
25 

Methyl 1,2,3,4-tetrahydro-l-(3,4- 
ethylenedioxyphenyl)-9H-pyrid43,4-bJindoIe-3- 

carhoxylate, cis and traus isomers 

Methyl l&3,4-tetrahydro-l-(3,4- 
methyleoedioxyphenyl)-9H-pyridd3,4-b]indole-3- 

carboxylate, Cis and Trans isomers 
To a stirred solution of racemic tryptophan methyl ester 

(13 g) and piperooal(9.7 g) in anhydrous CH&!ls (300 mL) 
cooled at O” C. was added dropwise trifluoroacetic acid (9 
mL) and the solution was allowed to react at ambient 
temperature. After 4 days, the yellow solution was diluted 
with CHaCls (100 mL), washed with a saturated aqueous 
solution of NaHCO,, then with water and dried over 
Na$O,. The organic layer was evaporated to dryness under 
reduced pressure and the residue was purified by flash 
chromatography eluting with CH&lJMeOH (99/l) to give 
first Intermediate 1, the cis isomer (6.5 g) m.p. 90-93’ C. 
followed by Intermediate 2, the trans isomer (6.4 g) 
m.p.:170’ C. 

The same method but starting from racemic tryptophan 
3o methyl ester and 1,4-benzodioxan-6arboxaldehyde gave 

Intermediate 10, tbe cis isomer as white crystals 
m.p.:104°-1060 C. and Intermediate 11, the trans isomer as 
white crystals m.p.:207°-2090 C. 

35 BlTERMBDIAI’E 12 

Methyl 1,2,3&etrahydro-1-(2-&lorophenyl)-9H- 
pyrido[3,4-b]mdole-Icarboxylate, mixture of cis 

and trans isomers 
40 ‘Ihe same method but starting from racemic tryptophan 

methyl ester and 2chlorobenzaldehyde gave the title com- 
pound as white crystals m.p.:154’ C. 

The following compouock were obtained in a similar 
manner: 

45 
lNTBRMEDIAI’ES 13 AND 14 

Methyl l&3,4-tetrahydro-I-(4chlorophenyl)-9H- 
pyn’.dot3,,4-b]indole3-carboxyrate, cis and trans 

isomers 

uvnxMEDm3AND4 
50 The same method but starting from racemic tryptophan 

methyl ester and 4-chlorobenzaldehyde gave Intermediate 
13, the cis isomer as white crystals m.p.:208°-2090 C. and 
Intermediate 14, the trans isomer as white crystals 
m.p.:108°-1090 C. 

Methyl 1~,4-tetrahydro-l-(4-melhoxyphenyl)-9H- 
pyridd3,4-b)iodole-3-carboxylate, cis and trans 

isomers 
The same method but starting from racemic tryptophan 

55 
IN’IERMBD- 15 AND 16 

methyl ester and 4-methoxybenzaldehyde gave Intermediate 
3, the cis isomer as white crystals Methyl l&3,4-tetrshydro-1-(3&dichloropheoyl)- 

m.p.:142’ C. and Intermediate 4, the trans isomer as white 9H-pyriw3,4-b)indole&carboxyiate, cis and trans 
crystals m.p.:209°-2100 C. 60 

isomers 

~INTERMEDIATE5 The same method but starting from racer@ tryptophan 

Methyl 1,2,3,4-tetrahydro-l-(3-methoxyphenyl)-9H- 
methyl ester and 3,4dichlorobenzaldehyde gave Intermedi- 

pyriM3,4-bJindole-3-carboxylate, cis isomer 
ate 15, the cis isomer as a white solid ‘H NMR (CDCLJS 
(ppm):7.8-7 (m, SH, H aromatic); 5.15 (bm, lH, H-l); 

The saox method but starting from racemic tryptophan 65 3.9-3.8 (d& lH, H-3) 3.7 (s, 3H, CO&H& 3.2-3.1 (ddd, 
methyl ester and 3-metboxybenzaldehyde gave the title 
compound as white crystals m.p.:146’ C. 

lH, H-4) 2.9 (m, lH-4); 2.4 (brs, lH, NH) and Intermediate 
16, the traos isomer as a white solid m.p. 204’ C. 
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INTERMEDIATI’E 17 

Methyl 1,2,3,4tetrahydro-1-&2,3,4tetrahydro-6- 
naphthyl)-9H-pyrid~3,4-bJindole-3-carboxylate, cis 

isomer 
The same method but starting from racemic tryptophan 

methyl ester and 1,2,3,4-tetrahydronaphthy& carboxalde- 
hyde gave the title compound as a white solid ‘H NMR 
(CDCl&ppm):7.7-7(m, SH, H aromatic); 5.2 (s, lH, H-l); 
4.0 (dd, lH, H-3); 3.8 (s, 3H, CO&H,); 3.2 (m, lH, H-4); 
3.0 (m, lH, H-4); 2.7 (m, 4H, w> 1.7 (s, 4H, 
CH&W+ 

INTERMED~ 18AND 19 

Methyl 1,2,3,4-tetrahydro-l-(2-naphthyl)9H-pyrido 
. (3,4b]indole-3-carboxylate, cis and trans isomers 

The same method but starting from racemic tryptophan 
methyl ester and 2-naphthaldehyde gave Intermediate 18, 
the cis isomer as a white solid ‘H NMR (CDCl,)S 
(ppm):8-6.9 (m, 12H, H aromatic); 5.4 (s, 1H. H-l); 3.95 
(dd, lH, H-3); 3.7 (s, 3H, CO,CHs) 3.2 (ddd, lH, H-4); 3 
(m, lH, H-4); 2.5 (brs, lH, NH) and Intermediate 19, the 
trans isomer as a white solid (0.6 g) m.p.:ll 9” C. 

INTERMEDIAIES 20 AND 21 

Methyl 1,2,3,4-tetrahydro-l-(2-thienyl)-9H-pyrido 
[3,4-bjindole-3-carboxylate, cis and trans is 

The same method but starting from racemic tryptophan 
methyl ester and 2-thiopheoecarboxaldehyde gave Ioterme- 
diate 20, the cis isomer as a pale yellow solid 
m.p.:134’-137” C. and Intermediate 21, the traos isomer as 
white crystals m.p.:16P C. 

INTERMEDLKIES 22Ah’D 23 

Ethyl 1,2,3,4-tetrahydro-1-(3-thieoyl)-9H-pytid~3, 
4b]indole-3carboxylate, cis and trans iso 

The same method but starting from racemic tryptophao 
ethyl ester and 3-thiopheoecarboxaldehyde gave Intermedi- 
ate 22, the cis isomer as white crystals m.p.:130” C. and 
Intermediate 23, the traos isomer as white crystals 
m.p. :182°-1840 C. 

INTERMEDLXlFS24AND25 

Methyl 1,2,3,4-tetrahydro-l-(.5-bromo-2&ieoyl)- 
9H-p~d~3,4-b]le-3-carboxylate, cis and tram 

isomers 
The same method but starting from racemic tryptophan 

methyl ester and 5-bromo-2-thiophenecarboxaldehyde gave 
Intermediate 24, the cis isomer as a cream solid m.p.:lXIO C. 
and Intermediate 25, the trans isomer as a cream solid 
m.p.:205’ C. 

INTERMEDLKIES26AND27 

Methyl 1,2,3,4-tetrahydro-l-(4bromo-Z-thienyl))- 
9H-pyrid~3,4-bjindole-3-carboxylate, cis and tram 

isomers 
The same method but starting from racemic tryptophan 

methyl ester and 4-bromo-Bhiophenecarboxaldehyde gave 

14 
INTERMEDLKIE 28 

Methyl 1,2,3,4-tetrahydro-1<3-furyl)-9H-pyti~3, 
4-b]indole-3-carboxylate, mixture of cis and bans 

5 isomers 

The same method but starting from racemic tryptophan 
methyl ester and 3-furaldehyde gave the title compound as 
a yellow solid m.p.:130’ C. 

10 INTERMEDLXTES 29AND 30 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

Iotermediate 26, the cis isomer as a cream solid m.p.:200° C. 65’ 
and Intermediate 27, the trans isomer as a cream solid 
m.p.:120° C. 

Ethyl 1,2,3,4-tetrahydro-l-(5-methyl-2-furyl)-9H- 
pyrido[3,4-bjindole3-carboxylate, cis and trans 

isomers 

The same method but starting from racemic tryptophan 
ethyl ester and 5-methylfurhtral gave Intermediate 29, the 
cis isomer as a oily compound ‘H NMR (CDCl&ppm):7.7 
(brs, lH, NH indole); 7.5 (d, lH, H aromatic); 7.25-6.9 (m, 
3H, H aromatic); 6.15 (d, lH, H aromatic); 5.85 (m, lH, H 
aromatic); 5.25 (brs, lH, H-l); 4.2 (q, ZH, CO,CH,CHs); 
3.8 (dd, lH, H-3); 3.2-2.8 (m, 2H, H-4); 2.2 (s, 3H, CD,); 
1.25 (t, 3H, CO&II&I-I,) and Intermediate 30, the trans 
isomer as a cream solid m.p.:152” C. 

INTERMEDIAI’ES 31 AND 32 

Ethyl 1,2,3,4-tetrahydro-l-(4-methylpheoyl)9H- 
pyrido[3,4-b&dole-3-carboxylate, cis and trans 

isomers 

The same method but starting from racemic tryptophan 
ethyl ester and p-tolualdehyde gave Intermediate 31, tbe cis 
isomer as white crystals m.p.:148“ C. and intermediate 32, 
the trans isomer as white crystals m.p.:180” C. 

INTERMEDI 33AND 34 

Methyl 1,2,3/l-tetrahydro-l-(3-methylpheoyl)-9H- 
pyrldo[3,4b]indole-3-carboxylate, cis and trans 

isomers 

The same method but starting from racemic tryptophan 
methyl ester and m-tolualdehyde gave Intermediate 33, the 
cis isomer as white crystals ‘H NMR (CDCl@(ppm):7.6-7 
(m, 9H, H aromatic); 5.2 @rs, lH, H-l); 4-3.9 (dd, lH, H-3) 
3.8 (s, 3H, CO&H); 3.2-3.1 (ddd, lH, H-4) 3 (m, lH, H-4); 
2.35 (s, 3H, CHd; 1.7 (brs, lH, NH) and Intermediate 34, the 
trans isomer as a white solid m.p.:17S’ C. 

INTERMEDm 35ANIl36 

Methyl l&3,4-tetrahydro-l-(4- 
trifiuoromethylphenyI)-9H-pyrid~3,4~indole-3- 

carboxylate, cis and trans isomers 
The same method but starting from racemic tryptophan 

methyl ester and 4-trifluoromethylbenxaldehyde gave Inter- 
mediate 35, the cis isomer as pale yellow crystals m.p.:19fP 
C. and Intermediate 36, the trans isomer as pale yellow 
crystals m.p.:203’ C. 

INTER.MEDIATEs 37AND 38 

Ethyl 1,2,3,4tetrahydro-1-(4cyaoopheoyl)-9H- 
pyriM3,4bJindole-3-carboxylate, cis and trans 

isomers 
The same method but startiog from racemic tryptophan 

ethyl ester and 4cyanobenzaldehyde gave Intermediate 37, 
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the cis isomer as white cry&k m.p. :200° C. and Interme- 
diate 38, the trens isomer as white crystals m.p.:lS6° C. 

the cis isomer as yellow crystals m.p.:168’ C. and Interme- 
diate 46, the trans isomer as yellow crystals m.p.:195’ C. 

INTERMEiDMIl? 39 IluTaMmm 47 

Methyl 1,2,3,4-te.trahydro-l-(4-hydroxyphenyl)-9H- ’ 
pyrido[3,4b]indole&carboxyIate, cis isomer 

‘I%e same method but starting fkom raoemic tryptophan 
ethyl ester and 4-hydroxybenzakiehyde gave the title com- 
pound es pale yellow crystals ‘H NMR 10 
(DMSO)8@pm):10.3 (s, lH, NH-indole) 9.4 (s, lH, OH); 
7.8-7.5 (m, SH, H aromatic); 5.1 (brs, lH, H-l); 3.9 (m, lH, 
H-3); 3.75 (s, 3H, CO,CHd 3.1 (m, lH, H4); 2.8 (m, lH, 
H-4). 

15 
INTERMEDIATE 40 

Ethyl 1~9,4-tetrahydro-l-(4-dimethylaminopheny 
-9H-pyri~3,4-bJindole-3~xyIate, mixture of 

cis end trans isome= 

The same method but starting from reccmic tryptophan 
ethy1 ester and 4-dimethylaminobhyde gave the title 
compound as white aystaLs m.p.:170’ C. 

INTERMeDIATEs 48AlVD 49 

Ethyl 1,2,3,4-tetrahydro-l-&pyridyI)-9H-pyridc$3, 
4-b]iudole+carboxylate, cis and trans iso 

Methyl 1,2,3,4-tetrahydro-l-(3-hydroxy4- 
methoxyphenyl)-9H-pyrido[3,4-b&dole-3- 

carboxylate, cis isomer 
20 

The same method but starting from racemic tryptophan 
methyl ester end 3-hydroxy4-methoxybennzaldehyde gave 
the title compound es a yellow solid m.p.:140°-1480 C. 

The same method but starting from racemic tryptophan 
ethyl ester and 3-pyridinecarboxaldehyde gave Intermediate 
48, the cis isomer as pale yellow cry&Is m.p.:2W*-232” C. 
aad Intermediate 49, the trans isomer as white crystals 
m.p.:210°-2140 C. 

INTERMEDIATES 50 AND 51 
INTERMEDIATE 41 25 

Methyl 1,2,3,4-tetrahydro-l-(4-hydroxy-3- 
methoxyphenyl)-9H-pyr;doC3,4-b&dole-3- 

carboxylate, cis isomer 

Methyl 1,2,3,4 te&ahydro6-fluoro-l-(3,4- 
methylenedioxyphenyl)-9H-pyrido[3,4-b]indole-3- 

carboxylate, cis and trans isomers 

The same method but starting from racemic tryptophan 30 
metbyl ester end 4-hydroxy3-methoxybenzaldehyde gave 
the title compound as a cream solid m.p.:195’ C. 

The same method but starting from racemic 5-fluoro- 
tryptophan methyl ester end piperonal gave Intermediate 50, 
the cis isomer es a cream solid m.p.:60° C. end Intermediate 
51, the kens isomer as a cream solid m.p.:213” C. 

INTERMEDIATE 42 INTERMEDIATES 52 AND 53 

Methyl l~,~tetrahydro-l-ylphenyl)-9H- 35 
pyrid<3,4-bgndole-3caiboxylete, cis and trans 

isomers 

Methyl l~,~tetrahydroa-~uoro-l-(4- 
methoxyphenyI)-9H-p~~3,~~n~le-3- 

carboxylate, cis and trans isomers 

The same method but starting from racemic tryptophan 
methyl ester and 4ethyIbenzaldehyde gave the cis and trans 40 
isomer of the title compound. Cis isomer:white solid ‘H 
I%lR (CDCI&ppm):7.65-7.1 (m, 9H, H aromatic); 5.25 
(brs, lH, H-l); 4 (dd, lH, H-3); 3.9 (s, 3H, CO,CH~); 3.4 
(ddd, lH, H-4); 3.1 (m, 1H, H-4); 2.7 (q, W, C&C&) 1.4 
(t, 3H, CH&&). Tram isomer:white solid m.p.:1870 C. 4s 

INTERMEDIArES 43AND 44 

The same method but starting from racemic S-fluoro- 
tryptophen methyl ester and 4-methoxybenzaldehyde gave 
Intermediate 52, the ck isomer as a solid 1H NMR (CDCI,) 
6@pm):7.4-6.8 (m, 8H, H aromatic); 5.15 (brs, lH, H-l); 
3.9 (dd, lH, H-3) 3.8 (s,3H, CO&I&,); 3.2-2.9(m, 2H, H-4) 
and Intermediate 53, the trans isomer as a solid m.p.:1979 C. 

INTERMEDIAIES 54 AND 55 

Methyl 1~23,~~trahydro-l-Ip~nyl)- 
9H-pyrid~3,4-b)indoIe-3-cerboxyIate, cis and trans 

isomers 
5. 

‘Ihe same method but starting from racemic tryptophan 
ethyl ester and 4-isopropylbenzalaehyde gave Intermediate 
43, the cis isomer es a white solid ‘H NMR 
(DMSOmm):10.15 (s, lH, NH indole); 73-6.7 (m, 8H, 55 
H aromatic); 5 (brs, lH, H-l); 3.6 (m, lH, H-3); 3.5 (s, 3H, 
C0.JTH-J; 2.95-2.5 (m, 3H, H-4+C&(Me)J 2.4 (brs, lH, 
NH); 1 (d, 6H, 2xCIia and Intermediate 44, the isomer as 
a white solid m.p.:189’ C. 

INTJZRMEDLKIES 45AND 46 
60 

Ethyl 1,22/l-tetrahydro-1-(4&ronbenyl)-sH- 
pyrid43,4-b&dole-3-carboxylate, cis and trans 

isomers 65 

(lR,3R)-MethyI1,2,3,4-tetrahydro-l-(3,4- 
methylenedioxypheuyl))-9H-pyridop,4-bImdole-3. 
carboxylate, cis isomer and (lS, 3R)-methyl 1,2,3, 

4-tetrahydro-l-(3,4-methylenedioxyphenj@9H- 
pyridoC3,4-b]indole-5carboxylate trans isomer 

To a stirred soktion of D-tryptophan methyl ester (11 g) 
end piperonaI(7.9 g) in anhydrous CHzcl, (400 mL) cooled 
et 0” C. was added dropwise triffuoroacetic acid (7.7 n&J 
and the soltion was aRowed to react at ambient tempera- 
ture. After 4 days, the yellow solution was diluted with 
CIi$& (200 mL) and ,washed with a saturated aqueous 
solution of NeHCO,. then with water (3x200 mL) and dried 
over N&$0,. ‘Ibe organic Iayer was evaporated under 
reduced pressure and the residue was puri&~I by flash 
chromatography eluting with dichloromethane/ethyl acetate 
(97/3) to give first Intermediate 54, the cis isomer (6.5 g) 
m.p.:154’ C. followed by Intermediate 55; the trans isomer 
(8.4 g) m.p.: 1W C. 

The seme method but starting from rapmic tryptophan 
ethyl ester and 4-nitrobenzaldehyde gave Intermediate 45, 

The foIlowing compounds were obtained in a s&ilar 
manner, 
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INTFRMEDW56 
(lS,3S) Methyl-1,2,3,4-tetrahydro-l-(3,4- 

methylenedioxyphenyl)-9H-pyriM3,4b]indole-3- 
carboxylate, cis isomer and (lR, 3s) methyl-1,2,3, 

4tetrahydro-l-(3,4-methylenedioxyphenyl)-9H- 
pyri~3+bjindole-3-carboxylate, trans isomer 

The same method but starting from L&yptophan methyl 
ester and piperonal gave the cis and trans isomers of the title 
compound. 

Cis isomer:white crystals m.p.:154’ C. 
Trans isomermhite crystals m.p.:187°-1890 C. 

INTERMEDIATES 57AND 58 
(lR,3R)-Methyl1,2,3,4tetrahydro-l-(4 

methoxyphenyl)-9H-pyrido[3,4-b]indole-3- 
carboxylate, cis isomer and (lS, 3R)-methyl 1,2,3, 
4-tetrahydro-1-(4methoxyphenyi)-9H-pyrid~3,4-b] 

indole-3carboxylate, tram isomer 
The same method but starting from D-tryptophan methyl 

ester and 4-methoxybenzaldehyde gave Intermediate 57, the 
cis isomer as white crystals m.p.:124°-1250 C. and Inter- 
mediate 58, trans isomer as white crystals m.p.: 219-222” C. 

INTERMEDIKIES 59 AND 60 
(&,3R)-Methyl 1,2,3,4-tetrahydro-1-(3-&loro4- 

methoxyphenyl)-9H-pyriH3,4-b&dole-3- 
carboxylate, cis isomer and (lS, 3R)-methyl 1,2,3, 

4tetrahydro-l-(3cbloro-4methoxypbenyl)-9H- 
pyridd3,4-blindole-3-carboxylate, trans isomer 

The same method, but starting from D-tryptophan methyl 
ester and 3-cbloro-4-metboxybenzaldebyde gave Intermedi- 
ate 59, the cis isomer isolated as the hydrochloride salt as 
white crystals m.p.:200” C. and Intermediate 60, the trans 
isomer as white crystals m.p.:164’ C. 

INTERMEDIATES 61 AND 62 
(lR,3R)-Methyl1,2,3,4-tetrahydro-l-(2,3- 

d~y~~~~an-S-yll-9H-pyridoE3 
3-carboxylate, cis isomer and (lS, 3R)-methyl 1,2, 

3,4-tetrahy~~1-(5-(2~~~y~o~n~]~)~-9H- 
pyrid43,4-bJindole-3-carboxylate, trans isomer 

The same method but starting from D-tryptopban methyl 
ester and 2,3dihydrobeuz+]furan-!karboxaldehyde gave 
Intermediate 61, the cis isomer as white crystals m.p.:282’ 
C. and Intermediate 62, the trans isomer as white crystals 
m.p.:204O C. 

INTERMEDIATES 63AND 64 
(lR,3R)-Methyl 1,2,3,4tetrahydro-l-(5-indanyl)- 
9H-pyrid~3,4-b]i-3-carboxylate cis isomer 

and (lS, 3R) -metbyl l&3,4-tetrahydtu-l-(5- 
ipaanyl)-9H-pyrid~3,4-bjiidole&carboxylate trans 

isomer 
The same method but starting from D-tryptophan methyl 

ester and indan-5-carboxaldehyde gave Intermediate 63, the 
cis isomer as white crystals m.p.:lW-131’ C. and Inter- 
mediate 64, the trans isomer as white crystals m.p.:196* C. 

INTERMEDIATE 65 
Ethyl 1,2,3,4-tetrahydro-l-(4- 

triffuoromethoxyphenyl)-9H-pyridg3,4-b@dole-3. 
carboxylate, cis and tram3 isomers 

The same method bul starting from race* tryptopban 
ethyl ester and 4trilhtoromethoxybenzaldehyde gave cis 
and traus isomers of tire title compound. 
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Cis isomer:white crystals m.p.:88’ C. 
Trans isomer:white crystals m.p.:152” C. 

INTERMEDIATE 66 

Methyl 1,2,3 Ctetrahydro-l-(5-methyl-2-thienyl)- 
9H-pyrido[3,4bJindole-3+&oxylate, cis and trans 

isomers 

Tbe same method but starting from rarzemic tryptophan 
methyl ester and .5-methyl-2-thiophenecarboxaldehyde gave 
the cis and trans isomers of the title componnd. 

Cis isomer:oiIy compound ‘H NMR (CDCl&ppm):8.4 
(brs, lH, NH-indole); 7.7-6.6 (m, 6H, H aromatic); 5.5 (brs, 
lH, H-l); 3.9 (dd, lH, H-3); 3.85 (s, 3H, CO&H,); 3.3-2.9 
(m, 2H, H-4); 2.5 (s, 3H, CHJ. 

Trans isomer:white crystals m.p.:194* C. 

INTERMEDIATES 67 AND 68 

(lS,3R)-Methyl 1,2,3,4-tetrahydro-l-(3,4- 
methylenedioxyphenyl)-9H-pyrido[3,4-b]indole-f 

carboxylate and (lR, 3R)-methyl 1,2,3,4tetrahydro- 
l-(3,4-methylenedioxypbenyl)-9H-pyrido[3,4-b) 

indole3carboxylate 

To a stirred solution of D-tryptophan methyl ester 
(obtained by treating the corresponding hydrochloride salt in 
water with saturated aqueous NaHCO, solution and extrac- 
tion with CH&J (25.7 g) and piperonal(19.4 g) in anhy 
drous dicbloromethaue (700 ml) cooled to 0” C. was added 
dropwise trifluoroacetic acid (18.1 ml) and the solution was 
allowed to react at 4’ C. After 5 days, the yellow solution 
was diluted with dichloromethane (500 ml). The organic 
layer was washed with a saturated aqueous solution of 
NaHCO, then with water (3x500 ml) until the pH was 
neutral and dried over Na$O,. The organic layer was 
evaporated under reduced pressure to a volume of about 500 
ml. The trans-isomer, which crystalked, was filtered and the 
filtrate was reduced to 200 ml. Another fraction of the 
tram+isomer crystallised. The fractions of trans-isomer were 
combined to give the (lS, 3R) isomer, Intermediate 67, as 
white crystals (11.4 g). 

mp:18S” C. 
[aLm*=+32.40 (cd.03, CHCl,). 
Tbe filtrate containing mainly the c&isomer was reduced 

to 100 ml and isopropyl ether (200 ml) was added. Upon 
cooling, the (lR, 3R) isomer, Intermediate 68, crystal&d as 
a white solid (17.4 g). 

mp: 154”-155” C. 
[u)Dme-+24.4” (c11.03, CHcl,). 

INTERMEDIArEz 69 

(lR,3R)-Methyl 1,2,3,4-tetrahydro-l-(3,4 
methylenedioxyphenyl)-9H-pyrid$3,4-b]indole-3- 

carboxylate 
Method A 

Intermediate 67 (5.0 g) was dissolved in methanol (150 
ml). Hydrogen chloride was bubbled into the solution for 
several minutes at O” C. and the resulting yellow aohttion 
was reguxed for 24 hours. The solvent was removed under 
reduced pressure and the residue was basified with a satu- 
rated aqueous solution of NaHCO, and extracted with 
dichlorometbaue. The organic layer was washed with water, 
dried over Na$O, and purified by Bash chromatography 
eluting with dichloromethane/methanol (99/l) to give the 
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title compound (2.3 g) corresponding to an authentic sample 
of Intermediate 68. 
Method B 

Iotetmediate 67 (25 g) was heated in 1N hydrochloric acid 
(785 ml) and water (4CKl ml) at 60’ C. for 36 hours. From 
the iuitial pale yellow solution, a white solid precipitated, 
The mixture was then allowed to cool to 0” C. and the solid 
filtered. The solid was then waslkd with diisopropyl ether 
(3x200 d) aud dried to give the hydrochloride salt of the 
title compound (20 g) as a white solid. mp (dec.):209°-2120 
C. 
Method C 

A 1:l mixture of the cis and trans isomers of Intermediates 
54 and 55 (2 g) was heated in 1N hydrochloric acid (6.8 ml) 
and water (15 ml) at 50” C. for 72 hours. A similar work-up 
as descrii in Method B above gave the hydrochloride salt 
of the title compound (1.7 g) as a white solid. 

INTERMEDIAI’E 70 

(R)-w-(3,4-Methylenedioxyphenylcarbonyl)- 
tryptophan methyl ester 

To a suspension of D-tryptophan methyl ester hydrochlo- 
ride (10.2 g) in anhydrous CH,CJ (150 ml) cooled at 0’ C. 
was added dropwise triethylamine (12.3 ml). To the resulting 
solution solid piperonyloyl chloride (8.16 g) was added 
portionwise at the same temperature, and the mixture was 
stirred al room temperature for 2 h. Tbe mixture was washed 
successively with water, OSN hydrochloric acid, water, a 
saturated aqueous solution of NaHCO, and again with 
water. After drying over Na,SO, and evaporation of the 
solvent under reduced pressure, the resulting oil on tritura- 
tioo from hot cyclohexane afforded the title compound as a 
white solid (14.7 g). 

mp: 1W”-1240 C. 
[aL2v-84.40 (~11.04, CHCLJ. 

INTERMEDIATE 71 

(R)-lV’-(3,4-Methylenedioxyphenyltbiocarbooyl)- 
tryptophan methyl ester 

4 mixture of Intermediate 70 (14 g) and Lawesson’s 
reagent (9.28 g) in dimethoxyethane (280 ml) was heated at 
60” C. under N2 for 16 hours with stirring. Tbe reaction 
mixture was evaporated to dryness and the resulting oil was 
dissolved in ethyl acetate, then wasbed snccessively with an 
aqueous saturated &ution of NaHCO, and water and dried 
over Na2S0,. Tbe oily residue obtained after evaporation 
under reduced pressure gave, on trituratioo from 
cyclohexane, a yellow powder which was filtered and 
washed with cooled methanol to afford the title compound 
(9.74 g). 

mp:129°-1300 C. 
[aL2W=-186.80 (c-1.14, CHCQ. 

WIERMEDLXI-E 72 

(lR,3R)-Metbyl1,2,3,4-tetrabydro-l-(3,4- 
methyleoedioxyphenyl)-9H-pyridd3,4-blindole-3- 

carboxylate 
Asolution of Intermediate 71(9 g) and methyl iodide (10 

ml) in anhydrous dichloromethaoe (200 ml) was heated at 
reflux under an argon atmosphere with protection from light. 
After 24 hours, the solvent was removed under reduced 
pressure to give an orange oil which on trituration loom 
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hexane gave a solid which was washed with ether and used 
without further purifkation in the next step. This compound 
(13.11 g) was dissolved in methanol (2.50 ml) and the 
soIution was cooled to -78’ C. NaBH, (0.99 g) was then 
added by portions and the mixture was stirred at tbe same 
temperature for 1 hour. The reaction was quenched by 
addition of acetone (10 ml) and’the solvent was removed 
under reduced pressure. The residue was dissolved in 
cXXJ&, washed with water and then with brine and dried 
over Na$O,. After evaporation of the solvent, the orange 
oil gave on triturati~n from a bot mixture of diethyl ether/ 
cyclobexane an orange powder which was recrystallised 
from dietbyl ether/peotane to afford the title compound as a 
pale yellow solid (5.15 g) corresponding to an authentic 
sample of Intermediate 68. 

INTERMEDIATE 73 
(lRJR)-Methyl 1,2,3,4-tetrahydro-2-&loroacetyl- 

(3,4-methylenedioxypbenyl)-9H-pyridc$3,4-b ] 
indole-3-carboxylate 

Method A 
To a stirred solution of Intermediate 72 (9.7 g) and 

NaHCO, (2.79 g) in anhydrous CHC& (200 ml) was added 
dropwise chloroacetyl chloride (5.3 ml) at 0’ C. under N2. 
The resulting mixture was stirred for 1 hour at the same 
temperature and diluted with Cl-ICI, (100 ml). Water (100 
ml) was then added dropwise with stirring to the mixture, 
followed by a saturated aqueous solution of NaHCO,. The 
organic layer was washed witb water until neutrality and 
dried over Na$O,. After evaporation of the solvent under 
reduced pressure, the oily compound obtained was crystal- 
lised from ether to give the title compound as a pale yellow 
solid (9.95 g). 

mp:233’ C. 
ML;sm;-125.4” (~11.17, CHClJ. 

Chloroacetyl chloride (4 ml) was added dropwide to a 
solution of Intermediate 72 (16.1 g) and triethylamine (7 ml) 
in anhydrous CHaC& (200 ml) at 0’ C. under N2. The 
solution was stirred at 0” C. for 30 minutes, then diluted with 
CH2C12 (300 ml). The solution was washed with water (200 
ml), a saturated aqueous solution of NaHCO, (300 ml) and 
brine (400 ml). After drying over Na$O, and evaporation 
under reduced pressure, the resulting solid was washed with 
ether (300 ml) to give the titIe compound as a pale yellow 
solid (18.3 g). 

INTERMEDlATE74 
Methyl’ 1~2JP-tetrahydro-6-1~3,4- 

methylenedioxyphenyl)-9H-pyrido[3,4-blindok-3- 
so carboxylate, cis and trans isomers 

The cis and trans isomers of the title compound were. 
prepared using the method descrii in Intermediate 1 but 
starting from racemic 5-methyl-tryptophan methyl ester and 

55 piperonal. 
Cis isomer:yellow solid m.p.:85’ C. 
Trans isomecyellow solid m.p.:lSS” C. 

INTE~LQ-ES 75AND 76 

60 (lR,3R)-Methyl 1,2,3,4-tetrahydro-1-(7-(4-methyl- 
3,4-dibydm-2H+enix&4pxazinyl))-9H-pyrid~3, 
4-b)indole-3-carboxylate, cis isomer and (lS, 3R)- 

Methyl 1,2,3,4-tetrahydro-l-(7-(4-methyl-3,4- 
dibydro-2H-ben&l,4]oxazinyl))-9H-pyrid~3,4-b] 

65 indole-3-carboxylate, trans isomer 
Tbe same method, as de&bed for intermediates 54 and 

55, but starting from D-tryptopban methyl ester and 
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4-methyl-3,4dihydro-2H-benzo[l,4foxazine-7- 
carboxaldehyde gave Intermediate 75 the cis isomer as an 
oily compound ‘H NMR (CDCls)s(ppm):7.6-7.1 (m, 5H); 
6.9-6.6 (m, 3H); 5.15 (br s, 1H); 4.3 (t, 2H); 4 (dd, 1H); 3.8 
(s, 3% 3.3 (t, 2H); 3.3-295 (m, 2H); 2.9 (s, 3H); 1.6 (br s) 
and intermediate 76, tbe trans isomer as white crystak 
m.p.:119°-1210 C. 

INTRRMEDIAT’R 77 

Methyl 12,3,4-tetrahydro-l(S-(N-benzylindolinyl)) 
-9H-pyriM3,4-b)-3-carboxylate, mixture of 

(lR, 3R) and (IS, 3R) isomers 

The same method, as dexriiecl for intermediates 54 and 
55, but starting from D-tryptophao methyl ester and 
N-benzylindoline-5-c~oxaldehyde gave intermediate 77 
as an oily compound. 

INTERMEDWBS 78 AND 79 

(lR,3R)-Methyl 1,2,3,4-tetrabydro-l-(4- 
carbomethoxypheoyl)-9H-pyrido[3.4-bJiodole-3- 

carboxylate, cis isomer and (lS, 3R)-methyl 123, 
4-tetrabydro-l-(4-carbometboxypheoyl)-9H-pyrido 

[3,4-bfindole-3-carboxylate, trans isomer 
The same method, as described for intermediates 54 and 

55, but starting from D-tryptopban methyl ester and methyl 
4-formylbenzoate gave Intermediate 78, the cis isomer as 
white crystals m.p.:157°-1600 C. and Intermediate 79, the 
trans isomer as pale yellow crystals m.p.:124“-126° C. 

INTERMEDW’E 30 

(lR,3R)-Methyl l&3,4-tetrabydro-232-’ 
@enzyloxycarbonyl)-S-propyll-l-(3,4- 

methylenedioxyphenyl)-9H-pyriH3,4-bjiudole-3- 
carboxylate 

A solution of N-(benzyloxycarbonyl)-D-proline acid 
chloride (0.64 g, 2.4 mmol) in anhydrous dichlorometbane 
(10 mL) was added dropwise to a stirred solution of inter- 
mediate 54 (0.7 g, 2 mmol) and trietbylamiue (033 mL, 2.4 
mmol) in dichloromethane (15 mL) at -10” C. Tbe mixture 
was stirred for 2 h at -10’ C. after which it was diluted with 
dichlorometbane (50 mL), washed with hydrochloric acid 
(lN), water, a saturated solution of NaHCO,, a saturated 
NaCl solution sod dried over Na$O,. Evaporation of the 
solvent and recrystallisatioo of the crude product from 
methanol gave the title compound as pale yellow crystals 
(0.75 g) m.p.:26fP-270” C. 

lNTERMED~81 

(lR,3R)-Metbyll,2,3,4-tetrabydro-2+2- 
@enzyloxycarbooyl)-S-propyI]-l-(3,4- 

metbyleoedioxypbenyl)-9H-pyri*3,4-blindole-3- 
carboxylate 

Asolutioo of N-@enzyIoxycarbooyl)-L-proline acid chlo- 
ride (0.86 g, 3.2 mmol) in anhydrous dicblorometbane (10 
mL) was added dropwise to a stirred solution of intermediate 
54 (0.91 g, 2.6 mmol) and triethylamine (0.44 mL, 3.2 
omol) io dicbloromethane (20 mL) at -10” C. Tbe mixture 
was stirred for 2 hours at -10” C. after which it was diluted 
with dichloromethane (60 mL), washed with hydrochloric 
acid (lN), water, a saturated solution of NaHCO,, a saN- 
rated NaCl solution and dried over Na$O,. Evaporation of 
the solvent and recrystallisation of tbe crude product from 
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methanol/water gave the title compouud as pale yellow 
crystals (0.8 g) m.p.:l15°-12tY’ C. 

INTmMEDIATJE 82 
(lR,3R)-Metbyl1,2,3,4-tetrahydro-2-(2- 

chloropropionyl)-l-(3,4-methylenedioxyphenyl)-9H- 
pyria63,4-blimlole-3-carboxylate 

To a solution of (Q-o-()-2-cbloropropiouic acid (87 @, 1 
omol) in aohydrous dichloromethane (lS’mL), was added 
dicyclohexylcarbodhmide (0.23 g, 1.1 mmol). Intermediate 
54 (0.35 g, 1 mmol) was tbeo added and tbe mixture was 
stirred at room temperature for 20 hours. The formed 
precipitate of dicyclohexyhrrea was removed by filtration, 
the filtrate was evaporated in vacua and the crude product 
was purified by flash chromatography eluting with tobteoe/ 
ethyl acetate:95/5. The oily compound obtained was tbeo 
crystallised from etber/hexane to give the title compound as 
pale yellow crystals (0.31 g) m.p.:125*-127” C. 

lNTERMED1Al-E 83 
(lR,3R)-Methyl l&3,4-tetrahydro-2-(2- 

chloropropiooyl)-1-(3,4-methylenedioxyph- 
9H-pyrido[3,4-b]indole-3-carboxylate 

To a solution of (R)-(+)-2-chloropropionic acid (191 ,ul , 
2.2 mmol) in anhydrous dichlorometbaoe (30 mL), was 
added dicyclobexylcarbodiimide (0.45 g, 2.2. mol). Inter- 
mediate 54 (0,7 g, 2 mmol) was then added and the mixture 
was stirred at room temperature for 20 hours. ‘lhe formed 
precipitate of dicyclobexylurea was removed by filtration, 
tbe filtrate was evaporated in vacua and the crude product 
was purified by flash chromatography eluting with toluene/ 
ethyl acetate:95/5. Tbe oily compound obtained was then 
crystallked from etber/hexane to give tbe title compound as 
pale yellow crystals (0.74 g) m.p.:126°-1280 C. 

INTERMEDIArEs84AND85 
(lR,3d)-Methyl 1,2,3,4-tetrahydro-l-(3, 

4dibenzyloxypheoyl)-9H-pyridd3,4-bjindole-3- 
carboxylate cis isomer and (lS, 3R)-methyl 1,2,3,4- 
tetrabydro-l-(3,4-diiozyloxypbenyl)-9H-pyri~3, 

4-b]lindole-3carboxylate tram isomer 
The same method as described for intermediates 54 and 

55 but starting from D-tryptopban methyl ester and 3,4- 
diienxyloxybenxaldehyde gave intermediate 84, the cis iso- 
mer as an * compound 
(CDCQs@pm):7.5~.~~@, 15H); 6.85 (s, $); 6?5”(E 
2H); 5.1 (s, 2H); 5 @r s, lH); 4.95 (d, 2H 3.85 (dd, 1H); 3.7 
(s, 3H); 3.2-28 (m, 2H); 2.3 @r s, 1H) and intermediate 85, 
the trans isomer as an oily compound ‘H NMR (CDCl,)& 
(ppm) 7.6-7 (m, 15H); 6.9-6.7 (m, 3% 5.2 (br s, 1H); 5.1 
(s, 2H); 5 (s, 2H); 3.8 (t, 1H); 3.65 (s, 3H); 3.3-3 (m, 2H); 
2.25 @r s, 1H). 

INTRRMEDLQE 86 
(6R,12aR)-2,3,6,7,12,l2a-Hexahydro-6-(3,4- 

diiozyloxypbeoyl)-2-methyl-pyraz.io~2’,l’:6,l] 
pyrid<3,4-bJindole-1,4diooe 

Tbe same two step procedure but starting from interme- 
diate 84 and methylamine gave, sfter recrystallisation from 
dichloromethane/ether, the title compound as white crystals 
m.p.:15tP-160’ C., [arD-+11.70 (c=lB, CHClJ. 

INTERMEDDUH 87 
Methyl 1,2,3,4-tetrabydro-l-(5-(2- 

metbylisoindolinyl))-9H-pyri~3&b]indole-3- 
carboxylate., mixture of (lR, 3R) and (is, 3R) 

isomers 
The sao3e method, as desaii for intermediates 54 and 

55, but starting from D-tryptophao methyl ester and 
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N-methylisoindoline-5 carboxaldehyde gave intermediate 
87 as an oily mupoMd. 

EXAMPLE 1 
Cis-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3,4- 

me~y~n~o~henyl)-pyrazinoC2’,1’:6~~~~3, 
4-b&dole-1,4dione 

a) To a stirred solution of intermediate 1 (2 g) and 
NaHCOs (0.6 g) in anhydrous CHCIs (40 mL) was added 
dropwise chloroacetyl chloride (1.1 mL) at 0” C. The 
resulting mixture was stirred for 1 hour at the same tem- 
perature and diluted with CHCl,. Water (20 mL) was then 
added dropwiae with stirring to the mixture, followed by a 
saturated solution of NaHCO,. The organic layer was 
washed with water until neutrality and dried over Na$Od. 
After evaporation of the solvent under reduced pressure, 
cis-methyl 1,2,3,4 -tetrahydro-2-chloroacetyl-1-(3,4- 
methyleoedioxypheoyl)-9H-pyrido[3,4-b]indole-3- 
carboxylate was obtained as an oil which was crystalked 
from ether (2 g, m.p.:215°-21t30 C.) and was used without 
further purification in the next step. 

b) To a stirred suspension of the cbloroacetyl intermediate 
(0.34 g) in MeOH (20 mL) was added at ambient tempera- 
ture a soIution of methylamine (33% in EtOH) (0.37 mL) 
and the resulting mixture was heated at 50’ C. under Nz for 
14 hours. The solvent was removed under reduced pressure 
and the residue was dissolved in CH,Cl, (50 mL). After 
washing with water (3x30 mL), drying over Na$O, and 
evaporating to dryness, the residue was purifkd by flash 
chromatography eluting with CH,Cl,MeOH (99/l) and 
recrystalkd from MeOH to give the title compound as 
white crystals (0.19 g) m.p.:253*-255’ C. 

Analysis for CJ-@JsO,: CalculatedC,67.86;H,4.92;N, 
10.79; Fotmd:C,67.53;H,4.99;N,10.62%. 

‘Ibe following compounds were obtained in a similar 
manner: 

EXAMPLE 2 
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-lO-ffuoro-6- 

(4-methox~2’,1’:6,1 )pyrido[3,4-b] 
indole-lp-dione 

The same two step procedure but starting from buty- 
lamine and intermediate 52 gave, after req&alkation from 
ethanol, the title compound as white crystals 

m.p.:182° C. 
Analysis for &H&T$O, (0.1 %O): Cakulated:C, 

68.67;H,6.04;N,9.61; Found:C,68.38;H,6.11;N,9.53%. 
EXAMPLE3 

24, 
m.p.:283°-2850 C. 
Analysis for C;H,,NsO,: CalculatedzC,67.19;H,4.5~N, 

11.19; Founa:C,67.04#,4.49;N,11.1096. 

5 EXAMPLE5 

Cis-2,3,6,7,12&k+hexahydro-lO-ftuoro6-(4- 
methoxyphenyr)-2(2~.2-~uoroethyllp 

1’:6,l~y1i~3,4-bJi~idole-l,4=dione 
30 The same two step procedure but starting fkn 2,2,2- 

trifluoroethylamine and intermediate 52 gave, after recrys- 
tallization from ethanoU.Iiisopropyl ether, the title com- 
pound as white crystals m.p.:190” C. 

Analysis for C;H,JJ,N,O,: CalcuIatedzC, 59.87, H, 
I5 4.15; N, 9.11; Found:C, 59.81; H, 4.18; N, 9.21%. 

EXAMPUe 6 

20 
Cis-2,3,6,7,12,12a-hexahydro-lO-fluoro-2-methy~-6- 

(3,4-methylenedioxypbenyl)-pyrazin~2’,1’:6,1] 
pyrid43,4-bjindole-1,4-dione 

The same hvo step procedure but starting from methy- 
Iamine and intermediate 50gave. after recrystallisation from 

25 ethanol, the title compound as white crystals 
m.p.:2920 c. 
Analysis for C,H,,FN~O,: Calculated:C, 64.86; H, 4.45; 

N, 10.31; Found:C, 64.66; H, 4.60, N, 10.21%. 

30 EXAMPLE 7 

(6R,12aS)-2,3,6,7,12,12a-hexahydro-2-methy1-6-(3, 
4methylenedioxyphenyl)-pyraziuo[2’,l’:6,ljpyrid~3, 

4-bjndole-l&dione 
35 The same two step procedure but starting from methy- 

lake and the trans isomer of intermediate 56 gave, after 
recrystallisation from toluene, the title compound as white 
crystals m.p.:287Q?89* C. 

Analysis for C&H-N,O, (025 toluene): Calculate&C, 
a 69.lb;H,5.13;N,10.19; Foun&C,69.09;H,5.14;N,lO.l9%. 

[a~2e-=-293.40 (C-1.28; CHCQ. 

EXAMPLE 8 

45 @S,12aR)-2,3,6,7,12,12a-hexahydro-2-methyl-6-(3, 
4-methylenedioxypheny~-pyraziwf2’,1’:6,1~~~ 

[3,4-b&dole-l&dione 
The same two step procedure but starting fmm methy- 

~~ lamiue and intermediate 55 gave, after recrystallisation from 
Trans-2,3,6,7,12,12a-hexabydro-2-methyl6-(3,4- 

methylenedioxyphenyl)-pyrazin~2’,1’:6.llpyri~3, 
‘- toluene, the title compound as white crystats 

4-b&dole-lpdione m.p.:28P C. 

The same two step procedure but starting from methy- 
Analysis for C@,$JsO, (0.3 toluene): Cakulated:C, 

lamine and intermediate 2 gave, after recrystallisation fkom 
69.41; H, 5.17; N, 10.08; FoumK!, 69.56, H, 5.24, N, 

toluene, the title compound as white crystals 
55 10.08%. [aLm’+297.9” (C-1.21; CHQ). 

m.u.:301°-3030 C. EXAMPLE 9 
kalysis for C&&&O,: Calculated:C,67.86;H,4.92;N, 

10.79; Foun&C,67.98$I,4.98;N,10.73%. Cis-2,3,6,7,12,12a-hexahydro-2~2-(2-pyridyl)-ethyl] 

ExAMFLE4 60 -6-(3,4-methylenedioxyphenyl)-pyraxin~2’,l’:6J] 
pyrid$3&b$ndole-l&diooe 

Cis-2,3,6,7,12,12a&exahydro6-(3,4- 
methylenedioxyphenyl)-pyrazin~2’,1’:6,1Ipyrid~3, 

The same two step procedure but starting from 

4-b&dole-1,4dione 
2-(2pyridyl)ethylamine and intermediate 1 gave, after 
recrystallisatioo from 2-propanol, the title compound as 

The same two step procedure but starting from ammonia 6s white VStals m-P-:2180-222” C. 
and intermediate 1 gave, after recrystallisatioo from 
methaw the title compound as white crystals N, 

Analysis for &HuN404: CalculatedZ, 69.99; H, 5.03; 
11.66; Found:C, 69.92; H, 5.16; N, 11.48%. 
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EXAMPLE 10 m.p:2700-271’ C. 
26 

~2~,6,7,1512a-hex~y~-2-(2-pyridyl 
6-(3&methylenedioxyphenyi)-pyrazi@2’,l’:6,1] 

pyrid43,4-bJindole-1,4dione 
The same two step procedure but starting from 

5 

2-pyridyhnethylamine and intermediate 1 gave, after recrys- 
tallkation fkom l&W/water, the title compound as cream 
crystab m.p~285=‘-286~ C. 

Analysis for C;,H,N,O., (0.4 H,O): CalculatedX!, to 
68.46; H, 4.85; N, 11.83; Found:C, 68.58; H, 4.88; N, 
11.90%. 

Analysis for C.J-&N,O,: Calculate&C, 69.05; H, 5.55; 
N, 10.07, Found:C, 69.22; H, 5.50; N, 9.80%. 

EXAMPLE 16 
Cis-2,3,6,7,12,12a-hexahydro-2&opropyl-6-(3,4- 

methylenedioxyphenyl)-pyrazirx@‘,l’:6,l’jpyri~3, 
4bJindoleliqdione 

The same two step procedure‘but St&i+ from isopropyl 
lamine and intermediate 1 gave, after recrystalliition from 
methanol, the title compound as white crystals 
m.p.:248”-250’ C. 

EXAMPLE 11 
Cis-2,3,6,7,12,12a-hexahydro-2-(3-pyridylmethyl)- 15 
6-(3,4-methylenedioxyphenyl)-pyrazino[2’,1’:6,1 J 

pyrid<3,4-b&dole-1,4dione 
The same two step procedure but starting from 

3-pyridyhnethykmiue and intermediate 1 gave, after recrys- 
tallisation from CH,Cl,/MeOH, the title compound as cream ” 
crystals m.p.:292”-293” C. 

Analysis for C,H,N,O,: Calculat&C, 69.05; H, 5.55; 
N, 10.07; Found:C,68.86;H,5.66;10.21%. 

EXAMPLE 17 
Cis-2,3,6,7,12,12a-hexahydm-2-cyc~opropyl-6-(3,4- 
methylenedioxyphenyl)-pyrazino[2’,1’:6,l~yrid$3, 

4-b)indole-lp-dione 

Analysis:C,,H,,N,O,: Calculated:C, 69.52; H, 4.75; N, 
12.01; Found:C, 69.27; H, 4.74; N, 11.37%. 

The same two step procedure but starting fkom cyclopm- 
pylamine and intermediate 1 gave, after recrystallisation 
from methanol, the title compound as white crystals 
m.p.:290”-292” C. 

EXAMPLE 12 25 
Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridyhnethyl)- 
6-(3,4-methyienedioxyphenyl~pyrazino[2’,1’:6,1] 

pyrid43.4-b]indole-1,4dione 
The same two step procedure but starting from 30 

4-pyridylmethylamine and intermediate 1 gave, after recrys- 
tallisation from MeOH, the title compound as pale yellow 
crystals m.p.:273”-274O C. 

Analysis for C,,&I N,O,: Calculated:C,69.39;HJ.lO;N, 
10.11; Found:C,69.11;H,5.20;N,9.94%. 

EXAMPLE 18 
Cis-2,3,6,7,12,12a-hexahydm-2-butyl-6-(3,4- 

methylenedioxyphenyl)-pyrazin~2’,1’:6,lJpyrid~3, 
4-b&dole-1,4dione 

Analysis for C;,H,N,O, (1.8 H,O): Calculated:C, 
65.00, H, 5.17; N, 11.23; Found:C, 65.11; H, 4.85, N, 35 
11.07%. 

The same two step procedure but starting from buty- 
lamine and intermediate 1 gave, after recrystallisation from 
methanol/water, the title compound as white crystals 
m.p.:241”-243” C. 

EXAMPLE 13 

Analysis for C,QN,O.,: Calculated:C,69.59;H,5.8+N, 
9.74; Found:C,69.77;H,5.82;N,9.81%. 

Ex4MpLE 19 

Cis-2,3,6,7,12,12a-hexahydro-2-ethyl-6-(3,4- 
methylenedioxyphenyl)-pyrazin~2’,1’:6,l~yrid$3, 40 

4-bgndole-1,4dione 

Trans-2,3,6,7,12,12a-bexahydro-2-butyl6-(3,4- 
methylenedioxypbenyl)-pyrM2’,1’:6,l)pyriM3, 

4-b)indole-lpdione 

‘Ibe same two step procedure but starting from ethylamine 
and intermediate 1 gave, after recrystallisation from 
methanol, the title compound as white crystals 

m.p.:272”-274” C. 45 

Analysis for &Ha NSOa: Calculate&C, 68.47; H ,5.25; 
N, 10.42; Found:C, 68.52; H, 5.35; N, 10.53%. 

EXAMPLE 14 

The same two step procedure but starting from buty- 
lamine and intermediate 2 gave, after recrystallization from 
toluene, the title compound as white crystals 

m.p.:243O C. 
Analysis for C,&NSO,: Cakulated:C,69.59~.84;N, 

9.74; Found:C,69.80;H,5.78;N,9.52%. 
ExAMPLE24t 

Cis-2,3,6,7,12,12a-hexahydro-2-(2,2,2- 50 

tiuoroeJhyl)-6-(3,4-methylenedioxyphenyl)- 
pyrazino[2’,l’:6,llpyrid~3,4-bl.indole-l,4dione 

The same two step procedure but starting from 2,2,2- 
triiluomethylamine and intermediate 1 gave, after recrystal- 55 
lisation from &OH, the title compound as white crystals 
m.p.:3tW C. 

Cis-2,3,6,7,12,12a-hexahydro-2-cyclopropyhuethyl- 
6-(3,4-methylenedioxyphenyl)-pyrazin~2’,l’:6,l] 

pyridg3,4-b&.ioIe-l&dione 
The same two step procedure but starting from cyclopm- 

pylmethylamine and intermediate 1 gave, after reqstalli- 
sation from methanol, the title compound as white crystals 
m.p.:217°-218e C. 

Analysis for t&H,,F,N,O,: Calculated:C,60.40;H, 
3.97;N,9.19; Foun&C,60.43;H,4.15;N,9.16%. 

EXAMPLE 15 60 

Cis-2,3,6,7,12,12a-bexahydro-6-(3,4- 
methylenedioxyphenyl)-2propyl-pyrazin~2’,l’:6,l] 

pyrid$3&bJindole-1,4dione 

Analysis for GH,,N,O.,: CaIculated:C,69.92$&5.40~, 
9.78; FoundzC,70.02$&5.47;N,9.84%. 

EXAMPLE 21 

The same two step procedure but starting from propy- 6s I 
lamine and intermediate 1 gave, after reaystailisation kom 
methanol, the title compound as white crystals L. 

The same two step procedure but start@ kiom cyclopen- 
@amine and intermediate 1 gave, after recqstallisation 
Erom acetone, the title compound as white crystals m.p.:2700 
P 
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Analysis for C&&NsO,: Calculated:C,70.41;H,5.6~N, m.p.:245’-2550 C. 
9.47; Found:C,70.5s;H,5.63;N,9.38%. Analysis for C&&.&O,: CalculatedS,70.93;H,S.9S;N, 

EXAMPLE22 10.79; Fou1ukC,70.74~,6.06;N,10.g7%. 

Cis-2,3,6,7,12,12a-hexahydro-2-cyclohexyl-6-(3,4- s -28 
methylenedioxyphenyl)-pyrazin~2’,1’:6,ljpyrid~3, C~2~,6,7,5~2a-~~y~6~~metho~henyi~ 

Qbjindole-lpdione 2~~~-~uoroethyl)pyren’nd2’,1’~6,1~~~3,~ 
The same two step procedure but starting from cyclo- blindole-1,4-dione 

hexylamine and intermediate 1 gave, after recrystallisation The same two step procedure but starting from 2u 
from methanol/water, the title compound as white crystals IO trifluoroethylamine and intermediate 3 gave, after mcrystal- 
m.p.:268’-26g0 C. lisation from ethanol the title compound as white crystals 

Analysis for t&H,,N,O,: CalculatedzC,70.8&H,5.95;N, 
m.p.:232O C. 

9.18; FoundS,70.82;H,5.89;N,9.21%. Analysis for C,H,FsNaO,: Calculated:C,62.30;H, 
455;N,9.48; FoundC,62.08~,4.66;N,9.54%. 

EXAMPB 23 
Cis-2,3,6,7,12,X&-hexahydro-2-benzyl-6-(3,4- 

metbylenedioxyphenyl)-pyraziu~2’,1’:6,ljpyrid~3, 
4-bJindole-1,4-dione 

IS EXAMPLE 29 
Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4- 

methoxyphenyl)-pyrazi@2zinoC2’,1’:6,1~yrido[3,4-b] 
indole-1,4-dione 

The same two step procedure but starting from benzy- 2. 
lamine and intermediate 1 gave, after recrystaliisation from 

The same two step procedure but starting from buty- 
lamine and intermediate 3 gave, after recrystallisation from 

dichlorometbane/hexan, the title compound as white crys- methanol&e title compound as white crystals 
tals m.p.:285”-287” C. m.p.:157’ C. 

Analysis for C&H,N,O,(lH,O): Calculated:C,69.55;H, Analysis for C&H,,N,O,(O.S H,O): Calculated:C, 
5.21;N,8.69; Found:C,G9.30;HJ.06;N,8.48%. 25 70.4O;H,6.62;N,9.85; Found:C,70.25;H,6.6~N,9.83%. 

EXAMPLE 24 EXAMPLE 30 
Cis-2,3,6,7,12,12a-hexabydro-2-(4-fluorobeozyl)6- Trans-2,3,6,7,12,12a-bexahydro-2-butyl-6<4- 

(3,4-methyleoedioxyphenyl)-pyrazio42’,1’:6,1 J methoxypbeoyl)-pyratino[2’,1’:6,lbyrido[] 
pyrid43,4-b$ndoIe-1,4dione 30 Mole-1,4dione 

The same two step procedure but starting from The same two step procedure but starting from buty- 
4-fluorobenzylamine and intermediate 1 gave, after recrys- lamine and intermediate 4 gave, after recrystallisation from 
taUisatioo from acetone, the title compound as white crystals methanol, the title compound as white crystals 
m.p.:281”-283” C. 

Analysis for C&H&N,O,: Calculated:C,69.56;Hp.S~F, 
3.93;N,8.69; Pouo&C6954;H,4.5s,F,3.82;N,&63%. 

EXAMPLE 2.5 

m.p.:212°-2140 C. 
35 Analysis for C&.,NaO,: Calculate&C,71.92;H,6.5~N, 

10.06; FoundC,71.8l;H,6~s;N,lO.O3%. 
EXAMPLE 31 

Cis-2,3,6,7,12,12a-hexahydro-6-(4-methoxyphenyl)- 
2-methyl-pyrazino[C2’,1’:6,ljpyrid~3,4-b&uiole-l, 

Ck-2,3,6,7,12,12a-hexahydro&@-methoxyphenyl)- 
40 2-cyclopropylmethyl-pyrazira$2’,1’:6,l~yrid~3,4- 

4dione b$ndole-l&dione 
The same two step procedure but startiog from methy- 

lamiue and intermediate 3 gave, after recrystallisation from 
The same two step procedure but starting from cyclopro- 

2-propanol, the title compound as white crystals 
pylmethylamine and intermediate 3 gave, after recrystalli- 

m.p.:257-263” C. 
sation from methanol, the title compound as white crystals 

45 m.p.:180*-185’ C. 
Analysis for C&&,N,O,: Calculated:C,70.38$&5.64;N, 

11.19; Foun&C,70.11;H,5.55;N,11.15%. 
EXAMPLE26 

Trans-2,3,6,7,12,X&-hexahydro-6-(4- 
metboxyphenyl)-2-methyl-pyrazin~2’,1’:6,l&ido 

[3,4-b&uiole-l&dione 

Analysis for C,H,N,O, (0.5 H,O): CalculatedzC, 
70.74;H,6.17;N,9.90; Found:C,70.91;H,6.1~N,9.80%. 

lZ?CAMPLE 32 
50 Cis-2,3,6,7,12,12a-hexahydro-2&enzyi6-(4- 

methoxyphenyl)-pyrazimQ‘,l’:6,1~yrid~3,4b] 
i&ok-l&&one 

?he same two step procedure but starting fiom metby- 
lamine and intekdiate 4 gave, after recrystallisation from 

The same two step procedure but starting from benzy- 

diisopropyl ether, the title compound as white crystals 
55 lamine and intermediate 3 gave, after recrystallisation from 

acetone, the title compound as white crystals 
m.p.:225”-22g0 C. m,p.:275”-2790 C. 

Analysis for C,H, N,O,: CalculatedC,70.38;H,5.~,N, 
11.19; FoundC,70.34;H,5.77;N,l 1.19%. 

EXAMPLE27 
Cis-2,3,6,7,12,12a-bexahydro-2-ethyl-6-(4- 

methoxypbenyI)-pyrazin~inoC2’.1’:6,3lpyridoC 
indole-1,4dione 

Analysis for C&&NO,: Cakulated:C,74.48;H,5.58;N, 
9.31; FolmdzC,74.53$&5.6O$J,9.20%. 

60 EXAMPLE 33 
Cis-2,3,6,7,12,12a-hexahydro-6-(3-methoxyphenyl)- 
2-methyl-pyrazio~2’,l’:6,l~yrid~3,4-bjindole-l,4- 

diOIE 

The same two step procedure but starting from ethylamine 65 
and intermediate 3 gave, after recrystallisation from 

The same two step procedum but starthq ftom methy- 

methanol, the title compound as white crystals 
lamine and intermediate 5 gave, after recrystallisation iiom 
methanoJ the title compound as white crystals 
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m.p.:267”-269’ C. 
Analysis for C&He, NaOa: CalculatedC,70.3&H,5.64;N, 

11.19; F0undX!,70.32;H,559$&11.25%. 
Jz?xAMPLE34 

Cis-2,3,6,7,12,12a-bexabydro-6-(4-etboxypbenyl)-2- 
metbyl-pyraxino[2’,1’:6,llpyriddC3,4-bjindoJe-l,4 

dione 
‘Ibe same two step procedure but starting from metby- 

lamine and intermediate 6 gave, after recrystallization from 
methanol, the title compound as white crystals 

m.p.:247’-248’ C. 
Analysis for C&&,N,O,: CalculatedC,70.93,H,5.95;N, 

10.79; Found:C,71.23$&5.%;N,10.63%. 
EXAMPLE 35 

Cis-2,3,6,7,12,12a-bexabydro6-(4-etboqpbenyJ)-2- 
cyclopropylmetbyX-pyrazino[2’,l’:6,1~yrido[3,4-b] 

indole-1,4dione 
‘Ibe same two step procedure but starting from cyclopro- 

pylmetbylamine and intermediate 6 gave, after recrystalli- 
satioo from 2-propanol, the title compound as white crystals 
m.p.:160°-1620 C. 

Analysis for C,,H,,N,O,: Calculated:C,72.71;H,6.34;N, 
9.78; Found:C,72.28;H,6.39;N,9.71%. 

EXAMPLE 36 
Cis-2,3,6,7,12,12a-hexabydro-6-(2,3-dihy 
~jfuran-S-yl)-2-methyl-pyrazin~2’,1’:6,ljpyrid~3, 

4-b&dole-1,4dione 
The same two step procedure but starting from metby- 

lamine and intermediate 8 gave, after recrystallkation fkom 
methanol, the title compound as white crystals 

m.p.:292*-294” C. 
Analysis for C.&&N303: Cakulated:C,7130;H,5.46;N, 

10.85; Found:C,71.15;H,5.56;N,10.84%. 
EXAMPLE 37 

5 
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Cis-2,3,6,7,12,12a-bexabydro-6-(2,3-dibydrobenxo 40 
[b~ran-5-yl)-2-cycl~~y~e~yl-p~a~~~,l‘:6, 

llpyrido[3,&~dole-1,Cdione 
The same two step procedure but starting 6om cyclopro- 

pyhnetbylamine and intermediate 8 gave, after rectysta& 
sation from methanol, the title compound as white crystals 45 
m.p.:165°-1660 C. 

Analysis for C;,&&INsOe: CalculatedC,6&32;H$=f3; 
Cl, 8.4o,N,Q.96; Found:C,68.48,H,5.64; Cl, 8.37#,9.99%. 

ExAlmLE 43 

Analysis for C.&I~N,O,: CalcnlatedC,73.OS;H,5,8Q;N, 
9.83; Found:C,73.oS;H,5.97;N,Q.S7%. 

Cis-2,3,6,7,12,12a-bexahydro-6-(3,4 
dicbloropbenyl)-2-methyl-pyrazin~2’,l’:6,l~yrido 

[3,4-b&dole-1,4dione 

The same two step pmcednre but starting from methy- ._ -_ _. .- 
EXAMPLE38 

lamme and intermeoiate 15 gave, aiter recrystaUisation from 
so ethanol/DMF, the title compound as white crystals 

Cis-2,3,6,7,12,X&hexabydro-6-(3,4 m.p.:s260° C. 
ethylenedioxyphenyl)yphenyl-pyrazin~2’,1’:6,1] 

pyridN3,4-b$ndole-1,4dione 
Analysis for C&H,,CLaN,Oa (0.5 HeO): CalculatedC, 

59.39;H,4.29;N,9.93; Found:C,SQ.32;H,4.l&N,Q.Q9%. 
‘Be same two step procedure but starting from metby- 55 

lamine and intermediate 10 gave, after recrystallisation from EXAMPLE44 

30 
sation from dicbloromethane#ber, the title compound as 
white crystals m.p.z288’-290” C. 

Analysis for C&&NeOo,: CalrAate&C,70.4l-H,5.68;N, 
9.47; FoundC,70.15;H,5.62;N,930%. ’ 

EXAMPLE40 

~~,6,7,1512a-hexahydro-2-butyl-6-(2 ; 
cldoropbenyl)-pyrazinr$2’,l’:6,l-Jpyrid~3,4-b] 

indole-l&bone 

The same two step procedure but starting from buty- 
lamine and intermediate 12 gave, after recrystallisation from 
methanol/water, the title compound as white crystals 
m.p.:146’ C. 

Analysis for ~H&XN,0a(0.75 HaO): CakulatedC, 
66.20;H,5.90;N,9.65; Found:C,66.15;H,5.95;N,9.69%. 

EXAMPLE 41 

Cis-2,3,6,7,12,12a-bexahydro-6-(4-cbloropbenyl)-2- 
methyl-pyraxino[2’,1’:6,llpyrido[3,4-b]indo~e-l,4- 

dione 
The same two step procedure but starting from methy- 

lamine and intermediate 13 gave, after recrystalkation from 
methanol, the title compound as white crystals m.p.:274’ C. 

Analysis for C&H&JN302 (0.25 H,O): CaJculated:C, 
65.63;H,4.85;N,10.93; Found:C,65.39;H,4.84;N,lO.85%. 

EXAMPLE 42 

Cis-2,3,6,7,12,12a-bexabydro-2-butyl-6-(4- 
chloropbenyl)-pyrazin~2’,1’:6,1Jpyrid~3,4-b] 

indole-l,4dione 

The same two step procedure but starting from buty- 
Iamine and intermediate I.3 gave, after recrystallisation from 
etbanolhvaier, the title compound as white crystals 
m.p.:164”-166° C. 

acetone, the title compound as white crystals 
m.p.:303D-3050 C. Cis-2,3,6,7,12,12a-bexabydm-2-butyl-6-phenyl- 

Analysis for Ca&a,N,O.,: CalculatedC,68.47;H,5.25;N, 
pyrazinoC2’,1’:6,lf,4-b jndole.l,4dione 

10.42; FoundC,6835;zI,5.31 ;N,10.27%. The same two step procedure but starting fkom buty- 
EXAMPLE39 . 60 lamine and cis-methyl 1,2,3,4-tetrabydro-lpbenyl-QH- 

Cis-2,3,6,7,12,X&-bexabydro-6-(3,4- 
pyrid~3,4-bjindole-3-carboxylate’ gave, after recrystallisa- 

ethylenedioxypbenyl)-2-cyclopropylmethyl-pyraxino 
tion from methanol/water, tbe title compound as white 

[2’,l’:6,ljpyrid~3,4-bJindole-1,4dione 
crystals m.p.: 243°-2450 C. 

65 Analysis for (&GN,O,: Calculated:C!,74.39;6.5~N, 
The same two step procedure but starting from cyclopro- 1O.W; FoundC,7454H,6.51 ;N,10.86%. 

pylmetbylamine and intermediate 10 gave, after recrystalli- 1. D. Soerens et al., J. Org. Chem. 44,535-545 (1979). 
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EXAMPLE! 45 dichloromethane/methano~ the title compound as white 

Cis-2,3,6,7,12,12a-hexahydro-2-benxyl-6-phenyI- 
crystals m.p.:>2W C. 

pyraxi~2’,1’:6,1‘Jpyri~3,4-bjimlole-l,4dione Analysis for C,&,N,O, (0.25 HaO): CalculatedX!, 

The same two step procedure but starting from benzy- 5 
75.OS,H,5.4%N,l0.51; Found:C,75.3s;H,5.42;N,10.49%. 

lamine and cis-methyl-1,2,3,4-tetrahydro-l-phenyl-9H- ExAMPm 51 
pyrid~3,4-bjindole-3-carboxyhrte gave, after recrystaEisa- 
tion from methanol, the title compound as white cry&Is 

Cis-~,6,7,l~2a-hexahyQo-2-butyl-~(2-~ny~~ 

m.p.:193-195’ C. 
pyrazinoCz’J’:6,1]1,4aione 

Analysis for C,$H,,N,O;. CalculatedC,76.94;H,5.5QN, 10 
The same two step procedure but starting from buty- 

9.97; FoundC,77.23;H,5.54;N,9.97%. 
lamine and intermediate 2.0 gave, after recrystaUisation from 
ethanol, the title compound as white crystals 

EXAMPLB 46 m.p.:226” C. 

Trans-2,3,6,7,12,12a-hexahydro-2-benzyl-6-phenyl- 
pyraxin~2’,1’:6,llpyrido3,4-b]indole-l,4-dione 

Ihe same two step procedure but starting from benxy- 
lamine and cis-methyl-1,2,3,4-tetrahydro-1-phenyl-9H- 
pyrido[3,4-bJindole-3 -carboxykte gave, after recrystallisa- 
tion from methanol, the title compound as white crystals 
m.p.: 284” C. 

Analysis for &H,,N,O,: Calculated:C,76.94;H,5.50;N, 
9.97; Found:C,76.88;H,5.45;N,9.89%. 

EXAMPLE 47 

15 

20 

Analysis for C,H,N,O,S: Cakulated:C,67.15;H, 
5.89;N,10.68; Found:C,67.39;H,5.88;N,10.77%. 

EXAMPLE 52 
Cis-2,3,6,7,12,12a-hexahydto-6-(S-bromo-2-thienyB 
-2-methyl-pyrazino[2’,l’:6,1jpyri~3,4-b]mdole-1, 

4dione 
The same two step procedure but starting from methy- 

lamine and intermediate 24 gave, after recrystallisation from 
ethanol, the title compound as a cream powder m.p.258’ C. 

Analysis for C,,H,,BrN,O,S: Calculated:C,53.03;H, 
x5 3.75;N,9.76; F0undC~3.01 ;H,3.78;N,9.69%. 

-a~--- --- -I ~---~~ Cis-2,3,6,7,12,12a-hexahydro-6-(4-bromo-2-thienyl) 
L -ha- ^-^^-.I..- L.., “...A:-- a?- om methy- 30 

-2-methyl-pyraxino[2,l’:6,1IpyridoE3,4-b]indole-l, 
4dione 

lamine and intermediate 17 gave, after recrystalhsation from 
methanol, the title compound as white crystals m.p.:>260” 
L. 

Cis-2,3,6,7,12,12a-hexahydro-2-methvl-6-(123.4- --,- \-PI- 7 

tetrabydro-6-napbthyI)-pyrazin42’,1’ ‘:6,l]pyrid43,4- 
blindole-l-4-dione 

The same two step procedure but starting from methy- 
lamine and intermediate 26 gave, after recrystallisation from 

--Analysis for C,,&N,O,: CalculatedC,75.16;H,6.3l;N, ethanol, the title compound as white crystals mp.:292’ C. 
10.52; Found:C,74.93;H,6.43lN,10.63%. 35 Analysis for C,&,BrN,O,S (0.25 %O): CalculatedC, 

52.48;H,3.82;N,9.66; FoundC,52.46$&3.81 ;N,9.60%. 
EXAMPLE48 EXAMPLE 54 

Cis-2,3,6,7,12,12a-hexahydro-2-isopropy1-6-(1,2,3, 
4-tetrahydro-6-napbthyl)-pyraxino[2’,l’:6,l~yrid~3, 4o 

Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl) 

4b6ndole-1,4dione 
-2cyclopropylme~yl~~~2’,llp 

bJindole-Qt-dione 
The same two step procedure but starting from isopropy- 

lamine and intermediate 17 gave, after recrystallisation corn 
the title compound as off-white crystals 

’ m.p.:244’-246” C. 
Analysis for q,GN,O, (0.25 &O): Calculated:C, 

75.06;H,6.883,9.73; Founn:C,75.Ot&H,6.83;N9.69%. 

EXAMPLE 49 

Cis-2,3,6,7,12,l2a-bexahydro-2-cyclopropylmethyl- 
6&2,3,4-tetrahydro-6-napbthy1))-pyraxino[2’,1~:6,1] 

pyrid43*4-bjndole-1,4dione 
‘Ihe same two step procedure but starting from cyclopro- 

pyhnethylamine and intermediate 17 gave, after recrystalli- 
sation from ethanol/pentane, the title compound as white 
crystals m.p.:125” C. 

Analysis for C&,H&IsO, (0.25 HaO): Calculated:C, 
75.73;H,6.70$‘&9.46; FoundC,7545;H,&3s;N,9~14%. 

EXAMPLE 50 
Cis-2,3,6,7,12,12a-hexahydro-2-methyl-6-(2- 

napbthyl)-pyraxin~2’,l’:6,ljpyrid~3,4-bJindole-l,4 
dione 

The-same two step procedure but starting from methy- 
lamine and intermediate 18 gave, after recrystalhsation firom 

45 

50 

55 

The same two step procedure but starting from cyclopro- 
pylmethylamine and intermediate 24 gave, after recrysta& 
sation from ethanol, the title compound as white crystals 
m.p.:lW C. 

Analysis for C&&,BrN,O,S: - 
Cakulated:C,56.18;H,4.29;N,8.93; Found:C,5592;H, 

4.28;N,8.74%. 
EXAMPLE 55 

Ck-2,3,6,7,12,12a-hexahydro-6~5-bromo-2-thienyl) 
-2-cyclopentyLpyraxin~2’,1’:6,l’Jpyrid~3,4-b] 

iudole-lpdione 
‘lb same two step procedure but starting from cyckqen- 

tylamine and intermediate 24 gave, after reuystallisation 
from ethauol, the title compound as white crystals m.p.:252” 
P 
b. 

Analysis for C&,&BrNaO,S: Calculated:C,57.03;H, 
6. 4.5&N&67; FoundC,56.87;H,4.66~,8.68%. 

EXAMF’LE 56 
Cis-2,3,6,7,12,12a-bexahydro-2-methyL6-(5-methyl- 
2-thienyl)-pyrazinof;r,l’:6.llpyriQf3,4b]indole-l, 

65 4dione 
The same two step procedum but starting from methy- 

lamine and the cis isomer of intermediate 66 gave, a?& 
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recrystallisation fmm ethanol, the title compound as white 
crystals m.p.282’ C. 

Analysis for GH,N,O, (0.5 H,O): Calculated:C, 
72.7o;H,6.61;N,lMt.h FoundC,73.oS;H,6.43;N,9.66%. 

Analysis for CJL,du,O,S (0.25 H,O): CalcuLated:C, 
64.93;H,531;N,ll.W, Founa:C,64.84#,5.28;N,10.81%. JZAMPLE 63 

5 
EXAMPLE 57 ~~,6,7,1512a-bex~~-~~~l~4 

metbylpbenyl)-pyraxim$‘2’,1’:6,1~~3,4hJ 
Cis-2,3,6,7,12,12a-bexahydro2-methyM-(3-tbienyl) indoLel,4&one 

-pyraxin~2’,1’:6,1Jpyri~3,4-hjindole-l,4dione The same two ste$ procedwe but starting from My- 
The same two step procedure but starting from methy- 1o Lamine and intermediate 31 gave, after recrystallisa~on from 

lamine and intermediate 22 gave, after recrystalhsation corn methanol, tbe title compound as white crystals 

. 

acetone, the title compound as white crystals 
m.p.:2QO”-295” C. 

Analysis for C,,H,,N,O,S: Calculated:C,6494;H, 
4.88;N,11.96; FoundC,64.8l;H,4.95;N,ll.68%. 15 

EXAMPLE 58 

Cis-2,3,6,7,12,12a-bexabydro-2-buty1-6-(3-thienyl)- 
pyraxino[2’,1’:6,1lpyrido[3,4-b$ndole-1iQdione 

The same two step procedure but starting from buty- ” 
lamine and intermediate 22 gave, after recrystallisation from 
methanol, the title compound as white crystals 

m.p.:236”-239” C. 
Analysis for C,,H2,N,0,S: Calculated:C,67.15;H, 25 

5.89;N,10.68;S,8.15; Found:C,67.42;H,5.76;N,10.57;S, 
8.01%. 

EXAMPLE 59 
Cis-2,3,6,7,12,12a-bexabydro-2-methyl-6-(3-furyl)- 30 

pyraxino[2’,1’:6,lfpyrido[3,4-blindole-1,4-&one 
The same two step procedure but starting from methy- 

lamine and the cis isomer of intermediate 28 nave. after 
recrystallisation from ether, the title compound& a-white 
solid m.p.2500 C. 35 

Analysis for C,&IH,,N,O, (0.5 H,O): Calculated:C, 
66.27;H,5.27;N,12.2@ FoundC,66.33;H,5.48,N,l2.02%. 

Tbe same two step procedure but starting from methy- 
lamine and intermediate 33 gave, after recrystalbsation from 
ethanol, the title compound as white crystals mq.:>260’ C. 

Analysis for C,.&,N,O,: Calculate&C~73.52;H,5.8~N, 
11.69; Found:C,73.60,H,5.97;N,l1.66%. 

EXAMPLE66 
EXAMPLE 60 

Cis-2,3,6,7,12,12a-bexabydro-2-methyl-6-(5-metbyl- 
2-furyl)-pyraxim$2’,l’:6,11pyrido[3,4-b]idole-l,4- 

dione 

40 
Cis-2,3,6,7,12,12a-bexabydro-2-butyl-6-(4- 

tritluorometbylphenyl )-pyraxi@2‘,1‘:6,l~yri~3, 
rlbjindole-1,4dione 

The same two step procedure but starting from methy 
Iamine and intermediate 29 gave, after recrystallisation from 
ethanol, the title compound as a cream powder m.p.303“ C. 

Analysis for &HI,N,O, (0.25 HaO): Calculated:C, 
67.88;H,5.55;N,11.87, Founa:C,67.W,H,5.5O;N,11.98%. 

45 

Tbe same two step procedure but starting from buty- 
lamine and intermediate 35 gave, after recrystallisation from 
methanol/water, the title compound as white crystals 
m.p.:155O C. 

Analysis for Ca.r&FaNaO, (0.5 H,O): CalculatedC, 
64.65;H,5.43;N,9.05; Found:C,64.78;H5.4@~,9.01%. 

EXAMPLE 61 50 EXAMPLE 67 
Cis-2,3,6,7,12,12a-bexabydro-2-methyl-6-(4- Cis-2,3,6,7,12,12a-bexahydro-2-methyl-6-(4- 

metbylphenyl)-pWrazinoE2:l’:6,13pyrido[3,4-b] tritluorometboxyohenyl)Wrazin42’,1’:6,l~yrid~3, 
indolel&&one 4-hjindole-1,4-dione 

Ibe same two step procedure but starting from metby- 
lamine and intermediate 31 gave, after recrystalbsation from 
ethanol, the title compound as white crystals m.p.:>2600 C. 

Analysis for C&,N,O, (0.25 H,O): Calculated:C, 
72.61 ;H,5.95;N,11.55; Found:C,72.73;H,5.96;N,l.SQ%. 

EXAMPLE 62 

55 
Tbe same two step procedure but starting from metby- 

lamine and the cis isomer of intermediate 65 gave, after 
recrystallisation from methanol, tbe title compound as white 
crysUds m.p.:174”-180’ C. 

60 

Cis-2,3,6,7,12,12a-bexabydro-2-isopropyM-@- 
methylpbenyl)-pyrazin~2’,l’:6,ljpyrid~3,4-h] 

indole-lpdione 

Analysis for C&H,sF3rl,O, (0.5 H,O): CalculatedC, 
60.27;H,4.37;N,9.58; FoundC$O.W~4.2&N,9.50%. 

EXAMPLE 68 

‘Ihe same lwo slep procedure hut startiug from isopropy- 
lamine and intermediate 31 gave, after recrystalbsation &om 
the title compound as white crystals m.p.:17@ C. 

65 

Ci-2,3,6,7,12,12a-bexahydro-2-methyl-6-(4- 
bydroxypbenyl)-pyraxin~2’,1’:6,llpyrid] 

indole-lp-dione 
The same two step procedure but starting from metby- 

lamine and intermediate 39 gave, after recrystallisation from 

m.p.:194” C. 
Analysis for GH,N,O, (05 GO): CalculatedC, 

73.15;H,6.87;N,10.2+ Found:C,73.01 ;&6.84.N,10.26%. 

EXAMPLE 64 
Cis-2,3,6,7,12,12a-bexahydro-2-cyclopropyhnetby1- 
6-(4-methylpbenyl)-pyrazin~2’,1’:6,1Ipyrid~3,4-b] 

indole-1iQdione 
The same two step procedure but starting from cyclopro- 

pylmetbylamine and intermediate 31 gave, after recrystalh- 
sation from methanol/water, tbe title compound as white 
crystals m.p.:194” C. 

Analysis for C&H,N,O, (1.1 H,O): CakulatedC, 
71.61;H,6.54;N,10.02; Found:C,71.42.H,6.07;N,9.95%. 

EXAMPLE 65 

Cis-2,3,6,7,12,12a-bexahydro-2-methyl-6-(3- 
metbylpbenyl)-pyra&@‘,l’: 6,l’Jpyrid~3,4-b J 

indole-1,4dione 
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methanol, the title compound as yellow crystals 
m.p.:179O-1800 C. 

Analysis for (.&H,&,0,(1.25 H,O): Calculated:C, 
65.7O;H,5.64;N,10.94; FoundC,65.46~.45;N,lO.92%. 

EXAMPLE 69 

Cis-2,3,6,7,12,12a-hexahydro-6-(3-hydroxy-4 
methoqphenyl)-2-methyl-pyrazin~2’,1’:6,ljpyrido 

[3,4-b)indole-1,4-dione 

The same two step procedure but starting from methy 
lamine and intermediate 40 gave, after recr@alIisation from 
ethanol, the title compound as white crystals m.p.:320” C. 

Analysis for &H,,N,O,(OZ H,O): Cakulated:C, 
66.74;HS.47;N,10.61; FoundC,66.72;H$.46;N,10.53%. 

EXAMPLE 70 

Cis-2,3,6,7,12,X&bexahydro-6-(4-hydmxy-3- 
metboxypbenyl)-2-methyl-pyrazin~2’,1’:6,ljpyrido 

[3,4-blindole-1,4dione 

The same two step procedure but starting from metby- 
lamine and intermediate 41 gave, after recrystailisation from 
dicbloromethane/ethanol, the title compound as yellow crys- 
tals m.p.:264”-265” C. 

Analysis for C,PH,,N,O,: 
Calculated:C,67.51;H,5.4l;N,lO.74; Found:C,67.OS;H,S.41 
;N.10.62%. 

EXAMPLE 71 

Cis-2,3,6,7,12,12a-bexahydn-K&butyl-6-(4 
cyanopbenyl)-pyrazin~2’,1’:6,l)pyrid~3,4-bJindole- 

1,4-dione 
The same two step procedure but starting from buty- 

lamine and intermediate 37 gave, after recrystallisation from 
methanol/water, the title compound as white crystals 
m.p.:246” C. 

Analysis for &H,,N,O, (1 H,O): Calculate&C, 
69.75;H,6.09;N,13.01; FoundC,69.5O;H,5.96;N,12.86%. 

EXAMFLE 72 

Cis-2,3,6,7,12,12a-bexahydro&(4&hylpbenyl)-2- 
isopropyl-pyrazino[2’,1’:6,ljpyrido[3,4b$ndole-l,4- 

dione 

The same two step procedure but starting from isopropy- 
lamine and the cis isomer of intermediate 42 gave, after 
recrystaUisation from n-pentane, the title compound +s white 
crystals m.p.:130* C. 

Analysis for GH,N,O, (0.5 H,O): CaIculatedC, 
73.15;H,6.87;N,10.24 Found:C,73.39;H,7.wN,9.81%. 

EXAMPLE 73 

Cis-2,3,6,7,12,12a-hexahydro-6-(4-ethylphenyl)-2- 
cyclopropyhuethyl-pyrazin~2’,l‘:6,ljpyrid~3,4-bJ 

indole-1,4dione 
The same two step procedure but starting from cyclopro- 

pylmethylamine and the cis isomer of intermediate 42 gave, 
after recry&lkation from ethanol, the tide compound as 
white crystals m.p.:MP C. 

Analysis for C;dI,N,o,: CalcuMedC,75.52;H,6.S~N, 
10.16; Found:C,75,54;H,6.62;lOB8%. 
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EXAMPLE 74 

‘IBe same two step procedure but starting fkom methy- 
lamine and intermediate 43 gave, after recrystallisation from 
ethanol, the titie wmpound as white crystals m.p.:244’ C. 

Analysis for CJ&NsO,: CalculatedC,74.39;H,6~~, 
10.84; Found:C,74.2?;H,653;N,ll.O5%. 

EXAMPLE75 

Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4 
nitrophenyr)-pyrazin~2’,1’:6,1&rido[3,4b]indole- 

1,4dione 
The same two step procedure but starting from buty- 

lamine and intermediate 45 gave, after recrystallisation from 
methanol, the title compound as white crystals m.p.:182’ C. 

Analysis for C,&.,N,O, (0.25 H,O): Calculated:C, 
65.97;H,S.65;N,12.85 FoundC,65.92;H,S.62;N,12.96%. 

EXAMPLE 76 

Cis-2,3,6,7,l2,12a-hexahydro-6-(4- 
dimetbylaminophenyl)-2-metby~-pyraz+in~2’,l’:6,1] 

ppid43,4-bJindole-l p-dione 
The same two step procedure but starting from methy- 

lamine and the cis isomer of intermediate 47 gave after 
recrystallisation from methanol, the title compound as white 
crystals m.p.:266’ C. 

Analysis for C.&HaN.+Oz: Calculated:C,71.11$I,6.23;N, 
14.42; FoundC,71.19;H,6.2~~,14.34%. 

EXAMPLE 77 

~~,6,7,12,12a-bexahydro-2-methyl-6-(- 
pyridyl)-pyrazino@,l’:6,l~yri~3,4-b&dole-1,4- 

dione 
The same two step procedure but starting from methy- 

lamine and intermediate 48 gave after recrystallisation fkom 
chloroform, the tide compound as white crystals m.p.:312’ 
C. 

Analysis for GH,,&O,: CalculatedzC,69.35;5.2~N, 
16.17; Found:C,69.08;H,5.2QN,16.19%. 

EXAMPLE 78 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(3, 
4-metbylenedioxyphenyl)-pyrazim$,2’,l’:6,l~yrido 

[3,4-bJindole-1,4dione 
a) To a stirred solution of intermediate 54 (0.5 g) and 

NaHCO, (0.14 g) iu anhydrous CHCla (20 mL) was added 
dropwise cbloroacetyl chloride (0.27 mL) at 0“ C. The 
resulting mixture was stirred for 1 hour at the same tem- 
perature and diluted with CHCL, (20 mL). Water (10 mL) 
was then added dmpwise with stirring to the mixture, 
followed by a saturated a&&on of NaHCO,. The organic 
layer was washed with water until neutrality and dried over 
Na,SO.,. After evaporation of the solvent under reduced 
pressure, (6R, 12aR)-methyl-1,2,3,4-tetrahydro-2- 
koroacetyl-1 -(3,~~~yie~o~h~yl~9H-p~~3, 

65 4-b&dole-3carboxylate was obtained as an oil which was 
cryatallised from ether to give a solid (0.38 & m.p,:233” C.) 
which was used without further purification in the next step. 
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b) To a stirred suspension of the chloroacetyl intermediate 
(0.37 g) in MeOH (20 mL) was added at room temperature 
a solution of methyhunine (33% in &OH) (0.4 mL) and the 
marl@ mixture was heated at 50” C. under Na fbr 16 
hours. The solvent was removed under reduced pressure and .5 
the residue was dissohred in CHaCI, (50 mL). After washing 
with water (3x20 mL), drying over Na.$04 and evaporating 
to dryness, the residue was purified by gash chromatography 
elating with CH&I&feOH (99/l) and recrystaIIised from 
2-mouauol to nive the title comuound as white crvstais (0.22 cto 
gj&m2*-3030 c. * - . 

Analysis for &H,&IsO,+ CalcuIatedC,67.86;H,4.92;N, 
10.79; FouudC,6?.77$I,4.92;10.74%. 

[aL2W=+71.00 (C=l.oO, CHCQ. 
The fokwing compounds were obtained in a similar 

manner: 
15 

20 

25 

30 

3s 

40 

4.5 

SO 

55 

60 

EXAMPLE 79 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6- 
(3,4-methylenedioxyphenyl)-pyraxin~2’,1’:6,1] 

pyrido[3,4-bjiudoie-1,4-dione 
The same two step procedure but starting from isopropy- 

lamine and intermediate 54 gave, after recrystalhsatiou from 
methanol, the title compound as white crystals 
m.p.:290’-293” C. 

Analysis for C,,H,,N,O,: CalculatedC,69.05;H,5.55;N, 
10.07; FoundC,69.06$-IJ.49;N,10.12%. 

[aL200-+52.60 (C-1.14, CHCIa). 

EXAMPLE 80 

(6R,lZaR)-2,3,6,7,12,12a-Hexahydro-2-butyl-6-(3,4- 
methyIenedioxyphenyl)-pyrazin$2’,1’:6,l]pyrid~3, 

4-b&tdole-1,4dione 
‘IBe same two step procedure but starting from buty- 

lamine and intermediate 54 gave, after recrystalIisation &om 
toluene/hexane, the title compound as white crystals 
m.p.:209°-2100 C. 

Analysis for C&HtiNsO.,: Calculated:C,69.59;H,5.84;N, 
9.74; Found:C,69.7O;H,5.93;N,9.74%. 

[aL2w450.20 (C-0.53; CHCLJ. 

EXAMPLE 81 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isobutyl-6- 
(3,4-methyIenedioxyphenyl)-pyrazin~2’,1’:6,l] 

pyrid@3,4-b&dole-1,4-dione 
The same two step procedure but starting from buty- 

lamine and intermediate 54 gave, after rec.rystaIIisation from 
methanol, the title compound as white crystals 
m.p.:227’-228’ C, 

Analysis for C&&,N,O,: CalculatedC,69.59;H,5.84;N, 
9.74; Found:C,69.52;H,5.8>N,9.74%. 

[aLzw=+4So (C-1.04, CHCI,). 

EXAMPLE 82 

(6R,l2aR)-2,3,6,7,12,l2a-Hexahydro-2-cyclopentyl- 
6(3,4-methylenedioxyphenyl)-pyraziuo@’,1’:6,1] 

pyrido[3,4-bjindole-l&Iione 
The same two step procedure but starting from cycIopen- 

@amine and intermediate 54 gave, after recrystaIIisation 
from ether, the title compound as white crystals 
m.p.:237°-2390 C. 

38 
Analysis for C,,J&N30; CaIcuIatedC,70.41;H,5.~,N, 

9.47; Fouua:C,70.13,H,5.67,N,9.42%. 
[aL~‘-+36.6° (C-0.98; CHQ. 

EXQMPLE 83 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3,4- 
methylened~~o~~~e~yI- 

pyraxiru$2’,l’:6,lf4bjimIole-l,4-dione . ‘. 
The same two step procedure but starting from cyclopen- 

tylamine and the cis isomer of intermediate 56 gave, after 
recrystalIisation from Z-propanol the titIe compound as 
white cry&Is m.p.:209’ C. 

AuaIysis for CasHer,NsO.+: CaIcuIated:C,71.32H,6.2O;N, 
8.91; Found:C,71.3O;H,6.29;N,8.74%. 

[aLae’-+40.V (C-0.99; CHCIJ. 

EXAMPLE 84 

(6R,12aR)-2,3,6,7,12,12a-Hexabydro-2- 
cyclopropylmetbyl-6(-rnethoxyphenyl)-pyraxino 

[2’,1’:6,11pyrido[3,4-b’Jindole-l,4-dione 
The same two step procedure but starting from cyclopro- 

pylmethylamioe and intermediate 57 gave, after recrystahi- 
sation from methanol, the title compound as white crystals 
m.p.:204°-20So C. 

Analysis for C,,H,,N,O,(O.S H,O): Calculated:C, 
70.74;H,6.17;NQ.W, Found:C,70.98;H,6.O~N,9.92%. 

[a&,~9-+54.10 (C-1.03; CHCQ. 

EXAMPLE 85 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-butyI-6-(4- 
methoxyphenyl)-pyr~2’,1’:6,llpyrido[3,4-b] 

indole-1,4dione 
The same two step procedure but starting from buylamine 

and intermediate 57 gave, after recrystallisation from 
2-propanot, the title compound as white crystals 
m.p.:183’-184” C. 

Analysis for CarH,,N,0,(0.5 H,O): CalcuIated:C, 
70.4O;H,6.62;N,9.85; FoundC,70.5S;H,6.64;N,9.92%. 

[aLma445.4* (C-1.04, CHCLJ. 

EXAMPLE 86 

(6R,l2aR)2,3,6,7,12,12a-Hexahydro-2-cycIopenty1- 
6-(4-melhoxyphenyI)-pyrazind2’,1’:6,1~~~3,4- 

b&do&l&dione 
The same two step procedure but starting from cycIopen- 

tyhtmine and intermediate 57 gave, after rectyr,taIhsation 
from ether, the titb compound as white crystals 
m.p.:210°-2110 C. 

Analysis for a,N,O,: CaIcuIated:C,72.71;H,634;N, 
9.78; FoundC,72.5s;H,6.39N,9.53%. 

[aLma-+29.So (C-1.07; CHCLJ, 

EXAMRB 87 

(6R,12aR)-2,3,6,7,12,l2a-Hexahydro-6~3-chIoro4 
methoxypbenyl)-2cyclopropylmethyI-pyrazi’, 

1’:6,llpyri~3,4-b]indole-l,4-dione 
The same two step pwedure but starting from cyclopro- 

65 pylmethylamine and intermediate 59 gave, after recrystaIIi- 
sation from methanof, the title compound as white crystals 
m.p.:218°-2190 C. 



39 
Analysis for C&-L&&O, (0.25 H,O): Calculate&C, 

66.08;H,55,43;N,9.25;C1,7.80; Found:C,66.11;H,5.33;N, 
9.03;c&7.74%. 

[uLme=+49.4* (C-1.03; CHCQ. 

EXAMPLE88 

(6R,UaR)-2,3,6,7,lZ,lZ,a-Hexahydro-2- 
cy~~ntyla~3chloro-4-met~~b~yl~p~ 

[2’,1’:6,l]pyrid63,saI;ndole-1Pdione 
The same two step procedure but starting from cyclopen- 

tylamine and intermediate 59 gave, after recrystaIli,sation 
from methanol, the title compound as white crystals 
m.p.:260”-262” C. 

Analysis for C,,H,,CIN,O,: Calculated:C,67.31;H, 
5.6S;C1,7.64;N,9.06; Found:C,66.98;H,5.67;C1,8.06;N, 
9.04%. 

[aL200-+27.60” (C-1.05; CHCl,). 

EXAMPLE 89 20 

(6R,12aR)-2 3,6,7,12,12a-Hexahydro-6-(3-chloro-4- 
methoxyphenyl)-2-methyl-pyrazin~2’,l’:6.l]pyrido 

[3,4-b]indoIe-1,4-dione 
The same two step procedure but starting from methy 

lamine and intermediate 59 gave, after recrystallisation from 
methanol, the title compound as white crystals 
m.p.:283’-284” C. 

The same two step procedure but starting from cyclopro- 
pylmetbylamine and intermediate 63 gave, after recrystalli- 

M sation from methanol, the title compound as white crystals 
m.p.:176* C. 

Analysis for C,,H,CIN,O,: Calculated:C,64,47;H, 
4.92;Cl,8.65;N,10.25; Found:C,64.49;H,4.92.CI8.33.N, 
10.02%. 

[a1;20”=+61.3” (C=l.OO; CHCQ. 

Analysis for C,,H,,N,O, (0,25H,O): 
Calculated:C,75.41 ;H,6.45;N,9.77; Fouad:C,7525;H, 
6.51;N,9.75%. 

30 [aLme-+57.9* (C-1.00; CHCLJ 
EXAMPLE 95 

EXAMPW 90 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6- 
(3-chloro-4-methoxyphenyl)-pyrazino[2’,1’:6,1] 

pyrid@3,4-b&dole-1,4dione 
The same two step procedure but starting from isopropy- 

htmine and intermediate 59 gave, after recrystallisation from 
methanol, the titIe compouod as white crystals 
m.p.:302”-304” C. 

Analysis for &H,CIN,O,: Calculated:C,65.83;H, 
5.5~N,9.60; Foun&C,65.83;H,5.57.N,9.73%. 

[al,20’=+39.80 (C-0.95, CHCI,). 

(6R,UaR)-2~,6,7,12,12a-Hexahydro-2-methyUj-(3, 
4-methylene&oxypbenyl)-pyrazin~2’,1’:6,1-b] 

35 pyrido~3,4bjindole-1,4-dione 
To a stirred suspension of Intermediate 73 (12.5 g) in 

MeOH (4fKt ml) was added at room temperature a solution 
of methylamine (33% in EtOH) (13.7 ml) and the resulting 
mixtnre was heated at 50” C. under N2 for 14 hours. The 

40 solvent was removed under reduced pressure and the residue 
was dissolved in CH,cL, (II). After washing w&h water 
(3x500 ml), drying over Ns$O, and evaporating to dryness, 
the white solid obtained was recrystallised from 2-propanol 

EXAMPLE 91 

(dR,G!aR)-2,3,6,7.12,12a-Hexahydro-6-(2,3- 
dihydrobenaoEblfuran-5-yl)-2-me~y~-pyra, 

1’:6,13pyrido[3,4-blindok-1,4dione 

45 
to give the title compound as white needles (7.5 g). 

mp: 298°-3000 C. 
[aLmo-+71.3* (c-0.55, CHClJ. 
Elemental analysis (QHJ,N,O,) calculatedzC,67.86;H, 

4.92;N,10.79; foundC,67.79;H,4.95;N,10.61%. 
50 

40 
Ii&ion from methanol the title compound as white crystals 
m.p.:242°-2440 C. 

Analysis for C;,H&N30,: Cakulated:C,73.05~,5.89;N, 
9.83; Founa:c;?2.9o;Ng.93;9-98%. 

[aLme=+55.4* (C-0.99, CHQ. 
EXAMPLE 93 

(6R,l2aR)-2,3,6,7,l2,12a-Hexahydro-6~5-indanyl)- 
2-methyl-pyrazim$2’,1’:6,llpyridoE3,4-bJind~le-l,4- 

dione 
The same two step procedure but starting from methy- 

lamine and intermediate 63 gave, after recrystallisation from 
methanol, the title compound as white crystals m.p.:262’ C. 

Analysis for C.J&,NsO~ CalculatedK!,74.78~6.Ol;N, 
10.90, Four~kC,74.65;HJ.so;N,10.67%. 

[aLmo-+68.6” (C10.98, CHCQ. 
EXAMPLE 94 

(6R,12aR)-2,3,6,7,l2,12a-Hexahydro-6-(5-indanyl)- 
2-cyclopropyImethyl-pyrazino[2’,l’:6,l&rido(3,4- 

b&dole-1,4-dione 

EXAMPLE 96 
Cis-2,3,6,7,12,12a-hexahydro-2,lOdimethyl-6-(3,4 

The same two step procedure but starting from methy- 
lamine and intermediate 61 gave, after recrystallisation ikom 4-bpndote-1,4-dione 

dichloromethane/methanoI, the title compound as white ss The same two step pmcedure as used to prepare Example 
crystals m.p.:288*-291’ C. 1, but starting from methylamine and the cis isomer of 

Analysis for C,$&,N,O,: Cakulated:C,71.3QH,5.4~N, Intermediate 74, gave after recrysta&ation from ethanol+ 
10.85; Found:C,71.27;H,5.49;N,10.96%. tbe title compound as white crystals m-p.:275 C. 

[a&,2r=+65.60 (CdI.4; CHCQ. Analysis for C;,H,,N,O, (0.4H,O): Calculated:C, 
6. 67.27;H,5.35;N,lO.D, FoundC,67.36B,5.21 ;N,10.31%. 

EXAMPLE 92 EXAMFLE 97 
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(2,3- 

dihy~~~lfucan-5-yl)-2-me~y~~l~~y~- 
(dR,12aR)-2,3,6,7,12,12a-Hexahydro-2-(3,4- 

pyraxi&2’,l’:6,l]pyri~3,4b&dok-l,4dionc 
dime~~~~-4~e~ylenediox 

65 pyrazinoE2’,1’:6,lj,4-b~~l~l,edi 
The same two step procedure but starting from methyl- 

cyclopropyhtmine and intermediate 61 gave, after recrystal- 
The same two step procedure as used to prepare Example 

78, but starting from veratrylamine and intermediate 54 
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gave, after recrystallisation from methanol, the title com- 
pound as white crystals m.p.:224*-226” C. 

Analysis for C!J-&,N,O,: CalculatedC,68.56;HJ.l8;N, 
8.00; FoundC,68.80;H,5.11;.06%. 

[aL2w+43.90 (C-l.@ CHCl,). 5 

JZXAMPLE 98 

Cis-2,3,6,7,l2,12a-hexahydro-6-(4-aminophenyl)-2- 
butyl-pyraxin~2’,1’:6,l~yrid~3,4b~ole-l,4- IO 

&one 
To a solution of Example 75 (1.5 g) in methanol (100 mL) 

was added SnCLJ&O (3.06) and the resulting mixture was 
heated at reflux for 8 hours. The mixture was cooled to 
ambient temperature, poured into ice and was adjusted to r5 
pH5 with 1N NaOH. The methanol was evaporated off and 
the residue was basified to pHl1 with 1N NaOH and 
exuacted with EtOAc (2x150 mL). After drying over 
NaaSO, and evaporation of EtOAc, the resulting yellow 
powder was purified by radial chromatography eluting with 2o 
CT-&Cl, to give the title compound as a white powder (550 
mg) m.p.:192” C. 

Analysis for C24H26N402 (1.3HaO): CalculatedC, 
67.68;H,6.77;N,13.15; Found:C,67.74;H,6.6S;N,l3.02%. 25 

EXAMPLE 99 

Cis-2,3,6,7,12,12a-hexahydro-6-(4- 
acetamidophenyl)-2-butyl-pyrazi&2’,1’:6,llpyrido 

[3,4-b&dole-l&Gone 30 

To a solution of Example 98 (0.2 g) in THF (15 mL) was 
added triethylamine (76 ,uL) and acetyl chloride (39 pL) and 
the resulting solution was stirred at room temperature for 2 
hours. After evaporation of THF, the resulting residue was 35 
taken up in CHatI& (100 mL), washed with water (2x50 mL) 
and dried over Na.$O,. After evaporation of CH2Cla, the 
resulting solid was recrystapised from MeOH& to give 
the title compound as a cream powder (120 mg) m.p. : 246’ 
0 L. 40 

Analysis for CaJ&N.,Os: CalculatedC,70.25;H,6.3~N, 
12.60; Found:C,69.85;H,6.38;N,l2.56%. 

EXAMPLE 100 

Cis-2,3,6,7,12,12a-hexahydro-2-butyl-6-(4- 
methylsulfonamidophenyl)-pyraxin~2’,1’:6,l~yrido 

[3,4hmle-l&dione 

45 

To a solution of Example 98 (0.2 g) in THF (5 mL) was 
added triethylamine (228 @..) and methanesulfonyl chloride 50 
(126 6) and the solution was heated at refhtx for 6 hours. 
After evaporation of THF, the residue was taken up in 
CH2Q, washed with water and dried over Na$O,. After 
evaporation of CH2Clc, the residue was purilied by radial 
chromatography eluting with OL$la/MeOH (95/5) to give 55 
the title compound as a brown powder (30 mg) m.p.:UW C. 

Analysis for C,HasN.+O,S (0.75H,O): Calculated:C, 
60.77;H,6.02;N,ll.34; Found:C,60.6l;H,6.QN,lO.82%. 

EXAMPLE 101 60 
(6R,12aR)-2,3,6,7,12,12a-Hexahydro&(3,4- 

methylenedioxyphenyl)-pyrazin~2’,1’:6,l~yrid~3, 
4-b$ndole-1,4dione 

The same two step procedure but starting from ammonia 65 
and intermediate 54 gave, after recrystallisation from 
methanol, the title compound as white crystals 

m.p.:285O-2900 C. 
42 

Analysis for &,H,,NsO,: CrdculatedC,67.19;H,456;N, 
11.19; FoundC,67.30,H,4.66,N,ll.11%. 

[a]map+880 (c-0.48, pyridine). 

EXAMPLE 102 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3,4- 
methylenedioxyphenyl)2-(2-ptopynyl)-pyraxinc@, 

1’:6,1jPyrid~3,4-b$mlole-l,4-dione 

The same two step procedure but starting fmm propar- 
gylamine and intermediate 54 gave, after recrystaRisation 
from acetone, the title compound as white crystals m.p.:271’ 
c 

Analysis for &HI&O.,: CalculatedC69.72;H,4.63;N, 
10.16; Found:C,69.95;H,4.66;N,10.06%. 

[a]m~D-+51.70 (c-0.49; CHCl& 

EXAMPLE 103 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-(3,4- 
methylendioxyphenzyl)-6-(3,4- 

methylenedioxyphenyl )-pyraziuc$2’,1’:6,1]Pyridc$3, 
4b&dole-1,4-dione 

The same two step procedure but starting from piperony- 
lamine and intermediate 54 gave, after recrystallisation from 
methanol, the title compound as white 

crystals m.p.:204’-206’ C. Analysis for CJ-i~N,O,: 
CalcuIated:C,68.36;H,4.55;N,8.25; Found:C,68.25;H, 
4.4RNJ3.41. 

[arD=+43* (c-1.01; CHC&). 

EXAhfPLE 104 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-(3,4- 
dimethoxyphenethyl)-6-(3,4-methylenedioqpheny1) 

-pyraxin~2’,1’:6,1IpyridoC3,4-blindole-l,4dione 
The same two step procedure but starting from 3,4- 

dhnethoxyphenethylamine and intermediate 54 gave, after 
recrystallisation from dichloromethanelether, the title com- 
pound as white crystals m.p.:265’-266’ C. 

Analysis for C&H,$J,O,: Calculated:C,69.OQ;H,5,42;N, 
7.79; FoundC,68.68;H,5.35;7.78%. 

[a]m’D-+38.30 (~11.12; CHClJ. 

EXAMPLE 105 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-futfuryl-6- 
(3.4methylenedioxyphenyl )-pyraxinc$2’,1’:6,1] 

Pyridc$3,4-b&uioIe-1,4dione 
The same two step procedure but starting from furfiuy- 

lamine and intermediate 54 gave, after mqsta@ation from 
methanol, the titIe compound as white crystals mq. 219’ C. 

Analysis for C;&..N,O,: CalculatedC,68.56;H,4.65;N, 
9.23; Founa:C,68.16;H,4.63;N,9.15%. 

[a]“nD-+58.10 (c=lS CHCQ 

EXAMPLE106 

(6R,12aR)-2,3,6,7,12,12a-Hexahydrod-(3,4- 
methylenedioxyphenyl)-2-(2-thienyhnethyl)- 

pyrazin62’,1’:6,1~~~3,~b~~l~l,~oDe 
The same two step procedure but starting from 

2-thiophenemethylamine and intermediate 54 gave, after 
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recrystallisation from methanotiater, the title compound as 
white crystals m.p.:155e-1570 C. 

Analysis for C,,H,,N,O,S: Calculated:C,66.23;H, 
4.49#,8.91;S,6.8; Founa:C,66.13;H,4.54;N,9.l&S,6.78%. 

faFvD-+70.40 (~11.03; CHCQ. 

EXAMPLE 107 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(4- 
methoxyphenyl)-2-methyl-pyrazin~2’,1’:6,l&rido 

[3,4-b’jindole-1,4-dione 

10% Pd-C (100 mg) for 48 hours at room temperature. Afkr 
removal of the catalyst, the sokent was evaporated in vacua 
to leave a residue which was purified by flash chromatog- 
raphy eluting with dichloromethane/methanok96/4. The 

5 solid obtained was recrystailised kom dichloromethane/ 
methanol to give the title compound (300 mg) as white 
crystals 

m.p.:2400 C. 
Analysis for C&H,N,O, (0.5H,O): CalculatedX!, 

lo 69.86;H,5.86;N,14.17 Found:C,70.13;H,5.77;N,14.06%. 

The same two step pmcedure but starting from methy- 
lamine and intermediate 57 gave, after recrystallisation from 

’ methanol, the title compound as white crystals 
m.p.:285”-288” C. 

Analysis for c;I,H,,N,O,: Caiculated:C,70.38;H,5.64;N, 
11.19; Found:C,7031;H,5.69;N,11.29%. 

[ayD=+59’ (c-1.19; CHC&). 

EXAMPLE 108 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-ethyl-6-(4- 
methoxyphenyl)-pyraziino[2’,1’:6,l~yrido[3,4-b] 

iudole-1,4dione 
The same two step procedure but starting from ethylamine 

and intermediate 57 gave, after recrystallisation from 
methanol, the title compound as white crystals m.p.:277” C. 

Aualysis for C,,H,,N,O,: Calculate.d:C,70.93;H,5.95;N, 
10.79; Found:C,70.90;H,5.96;N,10.54%. 

[af0~D=+520 (c-1.28; CHCl,). 

EXAMPLE 109 

(6R,12aR)-2,3,6,7,12,12a-hexahydro-6-(7-(4- 
methyl-3,4dihydro-2H-bem$l,4Joxazinyl))-2- 

methyl-pyrazino[2’,1’:6,llpytid~3,4-blindok-1,4- 
dione 

15 

20 

25 

30 

35 

The same two step procedure but starting fkom iuterme __ -- _ . diate 75 and metbylamine gave, after recrystallisation from 40 
ethanol, the title compound as white crystals 
m.p.:285O-288O C. 

Analysis for C,,H,N,O, (0.5H,O): Calculated:C, 
67.75;H,5.92;N,13.17; Found:C,68.02;H,6.00;N,13.18%. 45 

[a~D-i71.T (c-l, pyridine). 

EXAMPLE 110 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(5-(N- 
benzylindolinyl))-2-methyl-pyrazinol;?:l 5o 

[3,4-bJindole-l&dione 
The same two step procedure but startiug from interme- 

diate 77 and methylamine gave, after recrystallization from 
dichloromethane/methauol, the title compound as white 55 
crystals m.p.:223°-2250 C. 

Analysis for C.J$$J,+O,: CalculatedX!,75.61;H,5.92;N, 
11.76; Found:C,75.2;H,5.78;N,11.67%. 

[arp+20.4* (c-05, CHCl& 
60 

EXAMPLE 111 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-(5-iudolinyl)- 
2-methyl-pyrazino[2’,1’: 6,lkyrid$3,4-b&dole-l, 

4dione 65 
A solution of Example 110 (1.05 g , 2.2 mmol) in 

methanol (100 mL) was hydrogenated in the presence of 

44 

[ayp+55.9’ (C-1.18; pyridine). 

EXAMPLE 112 

Cis-2,3,6,7,12,12a-hexahydro-6-(4-ethylphenyl)-2- 
methyl-pyraziu~2’J’: 6,ljpyrid~3,4-b&dole-1,4- 

dione 

The same two step procedure but starting from methy- 
lamine and the cis isomer of intermediate 42 gave, after 
recrystallisation from methanol, the title compound as white 
crystals m.p.:254’ C. 

Analysis for C&H,,N,O, (0.25 H,O): Calculate&C, 
73.09;H,6.27;N,11.12; Found:C,73.03;H,6.18;N,ll.36%. 

EXAMPLE 113 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(4- 
carbometboxyphenyl)-2-methyl-pyrazino[2’,1’:6,1] 

pyrid43,4-bjindole-l&&one 
The same two step procedure but starting from interme- 

diate 78 (cis isomer) and methylamiue gave, after recrys- 
tallisation from methanol, the title compound as white 
crystals m.p.:308°-3120 C. 

Analysis for C!,&,,N,O,: Calculated:C,68.47;H,5.2$N, 
10.42; FoundC,68.76;H,5.18;N,10.35%. 

[af”eD-+97.70 (c-l, pyridine). 

EXAMPLE 114 

(5aR,12R,14aR)-1,2,3,5a,6,ll,12,l4a-Octahydro-12 
(3,4-methylenedioxyphenyl)-pyrroloC1”;2,5’] 

pyraziti2’,1’:6,lfrid43,4-bJindole-5- l&dione 
A solution of intermediate 80 (0.7 g, 1.2 mmol) in a 

mixture of metha&THF (80/40 mL) was hydrogenated in 
the presence of 10% Pd-C (75 mg) fbr 48 hotus at 40’ C. 
After removal of the catalyst, the. solvent was evaporated in 
vacua to leave a residue, which was purZed by flash 
chromatography eluting with dichtoromethane/methanok98/ 
2. The white solid obtained was recrystallised fkom metha- 
nol to give the title compound (180 mg) as white crystals 
m.p.:2&l”-2870 C. 

Analysis for CJ-&,N,O,: CalculatedC,69.39;H,5.lQN, 
10.11; Found:C,69.4?;H,5.11;9.97%. 

[a]“eD=+21.T (c-0.64, CHC&). 

EXAMPLE 1.15 

(5aR,12R,14aS)-1,2,5,6,11,12,14a-Octahydro-12-(3, 
4- methylenedioxrp~nyl~p~lo[~‘~4’~‘] 

pyrazin~2*,1’:6,lJpyrid~3,4-bjindole-5-1,4dione 
A solution of intermediate 81 (0.8 9, 1.37 mmol) in 

methanol (40 mL) was hydrogenated in the presence of 10% 
Pd-C (100 mg) for 5 h at 45’ C&Tier removal of the catalyst 
the solvent was evaporated in vacua to leave a residue, 
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which was purified by flash chromatography eluting with 
dichLoromethane/anol :98/2. The solid obtained was 
recrystallised from methanol to give the title compound (300 
mg) as white crystals m.p.:302-304” C. 

Analysis for C&&,NsO,: CalculatedC,69.39;H,5.1o;N, 
10.11; FoundC,69.35;H,5.11;N,10.10%. 

[apW~+lo6.8* (c=l.O8, CHCLJ. 

EXAMPLE 116 

(3R,6R,12aR)-2,3,6,7,12,12a-hexahydro-2,3- 
aimethyl-6-C3,4-methylenedioxyphenyl)-py 

1’:6,1,Ipyrido[3,4-b&ulole-1,4dione 

To a stirred solution of intermediate 82 (0.15 g, 0.34 
mmol) in THF (15 mL) was added at room temperature a 
solution of methylamiue (33% in EtOH) (0.32 mL) and the 
resulting solution was heated at reflux under N, for 24 hours. 
The solvent was removed under reduced pressure and the 
residue was dissolved in CHaCl, (25 mL). After washing 
with water (2x20 mL), drying over Na,SO, and evaporating 
to dryness, the crude product was purified by flash chroma- 
tography eluting with dichloromethane/methanok99/1. The 
white solid obtained was recrystalbsed from methanol to 
give the title compound as white crystaIs ($0 mg) 

m.p.:219’-2200 C. 
Analysis for C,aH,,N30,: Calculated:C,6&47;H,525;N, 

10.42; Found:C,68.39;H,5.2l;N,l0.42%. 
[a~“sD-+89.60 (c=l; CHCl& 

EXAMPLE 117 

(3S,6R,12aR)-Z,3,6,7,12J2a-bexahydro-2,3 
dimethyl643,4-methylenedioxyphenyl)-pyrazino[2’, 

1’:6,l&yridd3,4-b]indole-1,4dione 
To a stirred solution of intermediate 83 (0.3 g, 0.68 mmoi) 

in THF (30 mL) was added at room temperature a solution 
of methylamine (33% in EtOH) (0.68 mL) and the resulting 
solution was treated at reflux under N, for 6 days. The 
solvent was removed under reduced pressure and the residue 
was dissolved in CB,Cl, (50 mL). After washing with water 
(2,25 mL), drying over Na.$O, and evaporating to dryness, 
the crude product was purified by flash chromatography 
ehtting with dichloromethane/methauol:99/1. The oily resi- 
due obtained was crystallised from methanol to give the title 
compound as white crystals (40 mg) 

m.p.:3CV”-3090 C. 
Analysis for czJHz1Ne04: CalculatedC,68.47;H,$25;N, 

10.42; Found:C,68.35;H,5.33;N,10.42%. 
[a~ooD-+65.20 (c-1.15; CHCQ. 

EXAMPLE 118 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3,4- 
dihydroxyphenyl)-2-methyl-pyraxino[2:l’:6,1] 

pyrid43,4-bjindole-1,4dione 

A solution of intermediate 86 (0.75 g; 1.34 mmol) in .a 
mixture of ethanoVT?IF (70/30 mL) was hydrogenated in the 
presence of 10% W-C (75 mg) for 24 h at room temperature. 
After removal of the catalyst, the solvent was evaporated in 
vacua to leave a white solid which was recrystahisated fiorn 
methanol to give the title compound (0.35 g) as white 

, cry&& m.p.ZW-226” C. 
Analysis for &HI&O,,: CakulatedC,66.83;H,5.~,N, 

11.13; FoundzC,66.58;H,5.Ol;N,ll.O4%. 
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The active ingredient was sieved and blended with the 
excipients. The resultant mix was compressed into tablets. 
B. WET GRANULADON 

50 

55 

60 

1. me/tablet 

Active io@ieat 50.0 
Polyvinyl pyrolwone 150.0 
Po~yethylenc &co1 50.0 
Polysorbate 80 10.0 
Msgncsium Stsnmtc Pb Eur 2.5 
CmMarmcllosc sodium 25.0 
colloidd suicon Dioxide 2.5 
MicmayataIlhc Celh~Iuic USNP 210.0 

The polyvinyl pyrollidone, polyethylene glycol and 
polysorbate 80 were dissolved in water. The resultant solu- 
tion was used to granulate the active. ingredient. After drying 
the grades were screened, then extruded at elevated tem- 

65 peraturqs and pressures. The extrudate was milled and/or 
screened then was blended with the microcrystaUine 
celhtlose, croacarmellose sodium, colloidal sikon dioxide 

[a]m*D-+58.40 (c-1.04; $Lline). 

EXAMPLE 119 

(6R,l2aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-(5- 
(2-methylisoiudolinyl))pyra~2’,1’:6,ljpyridr$3,4- 

bJindole-l&dioue 

The same two steps procedure but starting from interme- 
diate 87 and methylamine gave a crude oil which was 
purified by flash chromatography eluting with 
dichloromethane/methanoWriethyIamiue :92&W%. The 
solid obtaiued was recrystallixed from isopropanoVpropy1 
ether/water to give the title compound (20 mg) as off-white 
crystab m.p.:236” C. 

Analysis for C,.,H,,N.,O, (2.68 H,O) Calculated:C, 
64.23;H,6.59;N,l2.48; Found:C,64.21;W,6.43;N,12.02%. 

[aJ20*~-+61.10 (c&5; C&OH). 

EXAMPLE 120 

Compounds of formula (I) have been included in phar- 
macy formulations and details of such formulations are 
given beIow. 
TABLETS FOR ORAL ADMINISTRATION 
A. Direct Compression 

1. @tablet 

Active ingredient 50.0 
Crcqmvidcmc USNP 8.0 
Magnesium Stemate Pb Eur 1.0 
Anhydrow Lactose 141.0 

The active ingredient was sieved and blended with the 
excipients. The resultant mix was compressed into tablets. 

2. m@tablet 

Active illplient 50.0 
couoidel si3icon thxtt 0.5 
Cmpovidone 8.0 
sodiom huyl sulphate 1.0 
Me~um s*anttc Ph Em 1.0 
Micr~uinc ceuuloee USNF 139.5 
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and magnesium stearate. The resultant mix was compressed 
into tablets. 

2 mghablet 

Active inaredieut 50.0 

5 
Active. iapdtent 50.0 
sAdlM1944cs to 1.0 ml 

PolysrJ&e 80 3.0 
LmtosePllEur 178.0 
StarcbBP 45.0 
&gel- Maize Starch BP 22.5 
Maguesimn stwste BP 1.5 

The act& ingredient was sieved and bleoded with the 
Lab&l. The suspensioo was filled into soft gelatin capsules 
using appropriate equipment. 

10 
EXAMPLB 121 

The active ingredieot was sieved and blended with the 
lactose, starch and pregelatinised maize starch. The polysor- 
bate 80 was dissolved io purified water. Suitable volumes of I5 
the polysorbate 80 solution were added and the powders 

. were granulated. After drying, the granules were screened 
and blended with the magnesium stearate. The granules were 
then compressed into tablets. 

20 

Tablets of other strengths may be prepared by altering the 
ratio of active ingredient to the other excipients. 

FILM COATED TABLETS 
25 

The aforementioned tablet formulations were film coated. 

Coating Suspension %WhV 

Opadry whitet 13.2 30 
Pwified water Ph Eur to 100.0’ 

*The water did not appear in the 61~1 product. The maximum th~retical 
weight of solids applied during costing was 20 mghblet. 
topadry white ie a prcprietmy material obtainable fmm Colorcon Iimited, 
UK which coutsias hydroxypropyl methykellulose, titanium dioxide and 35 
t&cetbl. 

‘Ibe tablets were film coated using the coating suspension 
in conventional film coating equipment. 

40 
1. 
A&8 iugmdteut 
I.actom 
Polyvinyl pymllidooe 
Mague8tuusteamte 

mgkapsule 
50.0 

148.5 
100.0 

1.5 45 

‘Ihe active ingredieot was sieved and blended with the 
excipients. The mix was filled into size No. 1 hard gelatin 5. 
capsules using suitable equipment. 

2. mglcepsule 
Active ingredient 50.0 55 Microayst8lIie8 allulc8e 233.6 
sodium lauryl sulphate 3.0 
Crarpovidonc 12.0 
hiagnesium steamte 1.5 

60 

The active ingredient was sieved and blended with the 
excipieots. The mix was filled into size No. 1 hard gelatin 
capsules using suitable equipment. 

Other doses may be prepared by altering the ratio of active 6s 
iugredieot to excipieot, the flIl weight and if necessaq 
changing the capsule size. 

Inhibitory effect on cGMP-PDE 
cGMP-PDE activity of compounds of the present inveo- 

tion was measured using a one-step assay adapted from 
Wells at al. (Wells, J. N., Baird? C. E, Wu, Y. J. and 
Hardman, J. G., Biochim. Biophys. Acta 384,430 (1975)). 
The reaction medium contained 50 mM Trjs-HCI,pH 7.5,5 
mM Mg-acetate, 250 @ml S-Nueleotidase, 1 mM EGTA 
and 0.15 @f 8{H3]-cGMI? The enzyme used was a human 
recombinant PDE V (ICOS, Seattle USA}. 

Compounds of the invention were dissolved in DMSO 
finally present at 2% in the assay. The incubation time was 
30 mtites during which the total substrate conversion did 
not exceed 30%. 

Tbe IC,, values for the compounds examined were deter- 
mined from concentration-response curves using typically 
concentrations ranging from 10 nM to 10 PM. Tests against 
other PDE enzymes using standard methodology also 
showed that compounds of the invention are highly selective 
for the cGMP specific PDE enzyme. 
cGMP level measurements 

Rat aortic smooth muscle cells (RSMC) prepared accord- 
ing to Charnley et al. in Cell Tissue Res. 177, 503-522 
(1977) were used between the 10 th and 25 th passage at 
confluence io 24-well fdture dishes. Culture media was 
aspirated aud replaced with PBS (0.5 ml) containing the 
compound tested at the appropriate coucentratioo. After 30 
minutes at 37’ C., par&dates guanylate cyclase was stimu- 
lated by addition of ANF (1OOnM) for 10 minutes. At the end 
of incubation, the medium was withdrawn and two extrac- 
tions were performed by addition of 65% ethanol (0.25 ml). 
The two ethanolic extracts were pooled and evaporated until 
dryness, usiug a Speed-vat system. c-GMP was measured 
after acetylatioo by scintillation proximity immunoassay 
(AMERSHAM). 

The compounds according to the present invention were 
typically found to exhiiit an IQ;, value of less than 500 nM, 
and an EC,, value of less than 5. In vitro test data for 
representative compounds of the invention is given in fol- 
lowing Table 1: 

TABLE1 

%ample No. IC, uhf EcSOlrM 

12 10 0.15 
36 Cl0 0.5 
52 20 0.8 
63 30 0.35 
79 <lO 0115 
82 20 O.!i 
84 10 0.4 
89 10 Q.l 
95 2 0.2 

101 10 0.3 
11s (10 0.4 

EXAMPLE 122 
-Au&ihypertensive activity iu rats The hypotensive effects 
of compounds according to the invention as ideutilied in 
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table 2 were studied in conscious spontaneously hypertcn- 2. A compound of formula (Ia) 
sive rats (SHR). The compounds were administered orally at 
a dose of 5 mg/kg in a mixture of 5% DhfF and 95% olive 
oil. Blood pressure was measured from a catheter inserted in 
the carotid artery and recorded for 5 hours after adminis- 5 
tration. Tbe results are expressed as Area Under the Curve 
(AUC from 0 to 5 hours, mmHg.hour) of the fall in blood 
pressure over time. 

In Vivo results 

Exampte No. 

36 
63 
79 
82 
84 
a9 
95 

101 

AUC PO (mm&h) 

99 
95 

171 
111 

77 
317 
135 
136 

10 / or salts or solvatea thereof, in which: 
R* represents hydrogen, halogen or C,,alkyb 
R’ represents hydrogen, C,,alkyl, halo C,,alkyl, 

C,-acycloalkyl, C,~,cycloalkylC,,alkyl, aryl 
C,-aalkyl or heteroarylC~&kyb and 

15 R2 represents an optionally substituted monocyclic aro- 
matic ring selected from benzene, thiopbene, furan and 
pyridine or an optionally substituted bicyclic ring 

20 

I claim: 
1. A compound of formula (I) attached to the rest of tbe molecule via one of the ben- zene 

2.5 ring carbon atoms and wherein tbe fused ring A is a 5- or 
(i-membered ring which may be saturated or partially or 
fully unsaturated and comprises carbon atoms and optionally 
one or two heteroatoms selected from oxygen, sulphur and 
nitrogen. 

or salts or solvates thereof, in which: 

R* represents hydrogen, halogen or C,, alkyl; 

(;,cycl-W, C, Cyc~oWhWf, pyrWlC,,allryl, 
35 fnrylC~,alkyl or optionally substituted benxyl. 

5. A compound according to claim 1, wherein R’ and R3 
together represent a 3-membered alkyl chain. 

R1 represents hydrogen, C,, alkyl, Cad alkenyl, (, 6. A compound according to claim 1, to wherein R3 
alkynyl, haloC,-,alkyl, C,-acycloalkyl, represents hydrogen. 
C.&rcycloalkylCi~aalkyl, arylC,,alkyl, wherein aryl is 40 / 7. A compound according to claim 1, wherein R* repre- 
pbenyl or phenyl substituted witb one to three substitu- sents an optionally substituted benzene, thiophene, furan, 
ents selected from the Group consisting of halogen, pyridiue or napbthalene 
Cl4 alkyl, Cl4 alkoxy, methylenedioxy, and mixhues 
thereof, or beteroarylC,,alkyl, wherein beteroaryl is 
thienyl, furyl, or pyridyl, each optionally substituted 45 
with one to three substituents selected from the group 
consisting of halogen, C,, alkyl, C,, alkoxy, and 
mixtures thereof; 

R2 represents an optionally substituted mono-cyclic am- SO 
where n is ring or an optionally substituted bicyclic ring 1 or 
2 and X and Y am each CHa or 0. 

matic ring selected from benzene, thiophene, furan and 
pyridine or an optionally substituted bicyclic ring 

8. Acis isomer of formula (I) represented by formula (Ib) 

attached to the rest of the molecule via one of the benxene 60 and mixtums thereof with its cis optical enantiomer, includ- 
ringca~natomsaodwhereinthefusedriogAkaS-or ing racemic mixhue~ or salts or solvates of these com- 
6-membered ring which may be saturated or partially or pounds in which R” is hydrogen or halogen and R’, R2 and 
fully unsaturated and comprises carbon atoms and optionally R3 are as detlned in claim 1. 
one or two beteroatoms selected from oxygen, sulphur and 
nitrogen; and R3 represents hydrogen or C,&kyl, or R1 or 

9. A method of treating stable, unstable and variant 
es 

R3 together represent a 3- or Cmembered alkyl or alkenyl 
angina, hypertension, pulmonary hypertension, chronic 
obstructive pulmonary disease, congestive heart faibrre, 

chain component of a 5- or 6-membered ring. renal failure, atherosclerosis, conditions of reduced blood 

3. A compound according to claim 1,‘wherein R* repre- 
sents hydrogen. 

4. A compound according to any of claim 1, wherein R-’ 
represents hydrogen, C,-,alkyl, baloC,-,alkyl, 
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vessel patency, peripheral vascular disease, vascular 
disorders, intlammatory diseases, stroke, bronchitis, chronic 
asthma, allergic asthma, aUergic rhinitis, glaucoma or dis- 
eases characteri& by disorders of gut motility, in a human 
or non-human animal body, which method comprises 
administering to said body a therapeutically effective 
amount of a compound according claim 1. 

10. A pharmaceutical composition comprising a com- 
pound of the according claim 1, together with a pharmaceu- 
tically acceptable d&tent or carrier therefor. 

ll. A process of preparing a pharmaceutical composition 
comprising a compound according to claim 1, which process 
comprises mixing said compound together with a pharma- 
ceutically acceptable dihrent or carrier therefor. 

12. Cis-2,3,6,7,12,12a-hexahydro-2-(4-pyridylmethyl)-6- 
(3,4-methylenedioxyphenyl)-pyrazirk$2’,1+:6,ljpyrid~3,4- 
b&dole-1,4-dione; 
Cis-2,3,6,7,12,12a-hexahydro-6-(2,3-dihydrobenzo[b] 

furan-S-yl)-2-methyl-pyrazino[~,1’:6,l]pyrido[3,4-b] 
indole-l&dione; 

Cis-2,3,6,7,12,12a-hexahydro-6-(5-bromo-2-thienyl)-2- 
methyl-pyrazino[2’,1’:6,1Ipyrido[3,4-b]indole-l,4-ciione; 

Cis-2,3,6,7,12,12a-hexabydro-2-butyI-6-(4-methylpbenyl)- 
pyrazin~2’,1’:6,1]9yrid~3,4-bjindole-l,4dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-isopropyl-6(3,4- 
methlenedioxyphenyl)-pyrazino[2’,1’:6,1]pyrido[3,4-b] 
indole-1,4dione; 

(6R,12aR)-2~,6,7,12,12a-Hexahydro-2cyclopentyl-6-(3,4- 
methlenedioxyphenyl)-pyrazino[2’,1’:6,l~yrido[3,4-b] 
indole-1,4-dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2- 
cyclopropylmethyl-6-(4-methoxyphenyl)-pyrazino[T, 
l’:6,l&rid~3,4-bjindole-l,4dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3-chloro-4- 
methoxypheny~)-2-methyl-pyrazino[2’,1’:6,l~yrido[3,4- 
b]indole-l+dione; 
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(6R,12aR)-2~,6,7,12,12a-Hexahydro-2-methyl-6-(3,4- 

methylenedioxyphenyl)-pyrazirk$2’,1’:6,lJpyrid~3,4-b] 
indote-l&dione; 

(6R,12aR)-2,3,6,7,12,12a-Hexahydro-6-(3,4- 
methylenedioxyphenyl)-pyrazin~2’,1’:6,lJpyrid~3,4-b] 
indole-l&hone; 

(6R,l2aR)-2,3,6,7,12,12a-Hexahydro-6-[3,4]- 
methylenedioxyphenyl)-pyrazin~2’,1’:6,11pyrido[3,4-b] 
indole-lp-dione; 

(5aR,12R,14aS)-1~2J~,6,11,12,14a-Octahydro-12-(3,4- 
methy1enedioxypheny1)-Ryrro1o[1”,2”:4’,5’jpyrazino~2’, 
1’:6,llpyrido[3,4-bJindole-5-1,4dione; 

or physiologically acceptable salts or solvates thereof. 
13. (6R,12aR)2,3,6,7,12,12a-Hexahydro-2-methy1-6-(3, 

4-methylenedioxyphenyl)-pyrazino[2’,1’:6,l]pyrido~3,4-b] 
indole-lp-dione; 
or physiologically acceptable salts or solvates thereof. 

14. A process of preparing a compound of formula (I), 
wherein R3 represents hydrogen, which process comprises 
treating a compound of formula (II) 

0 (10 

OAlk 
RO 

H kL :: 

in which Alk represents C,,aikyl and Hal is a halogen atom, 
with a primary amine R,%or the process as hereinbefore 
described followed by 

i) an interconversion step; and/or either 
ii) salt formation; or 
iii) solvate formation. 

. 15. Compounds of formulae (II). 
35 
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26 I15 
11 f Applicant 1 

20 31 15 13 Applicant 

20 32 14 13 PTO 

21 1 15 18 PTO 
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Appln. Page # 1 Appln. Line t 1 Column # ILineI Error by 

48 

48 

49 

50 

51 

16 32 26 PTO 

26 32 36 PTO 

15 32 64 PTO 

26 33 48 PTO 

1 33 58 PTO 

51 21 34 14 PTO 

51 32 34 26 PTO 

52 21 I34 52 PTO 
57 15 37 51-52 PTO 

58 4 38 9 PTO 
58 5 38 . 10-11 PTO 

58 29 

59 29 
60 4 

38 38 Applicant 

39 8 PTO 
39 / 18 PTO 

60 31 39 49 PTO 

62 13 40 34-35 PTO 
63 3 40 64 PTO 

1 64 134 I42 I 10 1 PTO I 
65 11 42 
65 34 42 
69 14 44 

24 PTO 
52 PTO , 

’ 59 PTO 

69 15 ' 44 60 PTO 
69 16 44 '61 PTO 
69 19 44 64 PTO 

170 I14 I45 I34 1 PTO I 
70 20 
75 18 

76 5 

45 43 Applicant 
48 33 PTO 

48 66 PTO 

Our check in the amount of $100.00 to correct 
the error(s) by patentee(s) is submitted herewith. 
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Respectfully submitted, 

MARSHALL, GERSTEIN & BORUNLLP 

(Registration No. 32,361) 
Attorneys for Applicants 
6300 Sears Tower 
233 South Hacker Drive 
Chicago, Illinois 60606 
(312) 474-6300 

Chicago, Illinois 
December 16, 2003 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENTNO. : 5,859,006 

DATED 

INVENTOR(S) : 

January 12,1999 

ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Title, first column, first line, "Derivatives; Process" should be 
-- Derivatives, Process -- 

First page, first column, line [303, "9401090" should be 
-- 9491090.7 -- 

Column 1, line 1, "Derivatives; Process" should be 
-- Derivatives, Process -- 

Column 2, line 30, "(e.g. 1: 2 or 3)" should be -- (e.g. 1, 2 or 3) -- 

Column 2, line ‘52, "(CH2)an should be -- (CH2)n'-- 

Column 2, line 63, "allyl, groups" should be -- ally1 groups -- 

Column 3, line 57, "(CHp)a" should be -- (CH2)n -- 

Column 4, line 37, "-6-3,4-" should be -- -6-(3,4- -- 

Column 4, line 40, "hexahydro6" should be -- hexahydro-6 -- 

Column 4, line 41, "[3, 4bJ" should be -- [3, 4-b] -- 

lJnderthePapmmicRedc 

MAILING ADDRESS OF SENDER: 
James J. Napoli, Ph.D. 
MARSHALL. GERSTEtN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 
Chicago, Illinois 60606-6357 

PATENT NO.: 5,859,006 

No. of addtttomal apted 1 



PATENT NO. : 5,859,006 

DATED : January 12,1999 

INVENTOR(S) : ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Column 4, line 56, "(3-chloro4-" should be -- (3-chloro-4- -- 

Column 4, line 66, 'pyrazino" should be -- pyrrolo -- 

Column 6, line 6, "allergic, asthma" should be -- allergic asthma -- 

Column 6, line 19, "0.5800" should be - 0.5-800 -- 

Column 6, line 48, "caprylictcapric" should be -- caprylic/capric -- 

Column 10, line 44, "Cl-3carboxyli.c' should be -- Ca-&arboxylic -- 

Column II, line 34, "Cis and Trans" should be.-- cis and trans -- 

Column 11, line 45, "m.p. 90-93°C." should be -- m.p.:90-93°C. -- 

Column 12, line 3, "(Qethoxyphenyl)" should be -- (4-ethoxyphenyl) -- 

UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PTo/sB/44 (02.01) 
APptwadfor~tta;wgh01/31/2004.OMS06519033 

Patent and Tradwnark O&x U.S. DEPARTMEMT OF COMMERCE 
UnderthePapamorkReductlonAcl~lgs5,nopersonsararsquiredtorespondtoacdlectkndinfnmatlOn 

\lso Form PTO-1050) 
udaa3itdiaplayaaveadOMBcnrdmlnumber. 

Column 12, line 30, "-6arboxaldehyde" should be -- -6-carboxaldehyde -- 

Column 12, line 65, "(dd, lH,, H-3)3.7" should be 
-- (dd, lH, H-3); 3.7 -- 

\lLING ADDRESS OF SENDER- 
James J. Napoli, Ph.D. 
MARSHALL, GERSTEIN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 
Chicago, Illinois 60606-6357 

PATENT NO.: 5,859,006 

No.ofadditionala@esopies:l 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 

DATED 

INVENTOR(S) : 

5,859,006 

January 12,1999 

ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in thfz above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Column 12, line 66, "(ddd, lH, H-4)2.9" should be 
-- (ddd, lH, H-4); 2.9 -- 

Column 12, line 66, "2.9(m, lH-4);" should be -- 2.9 (m, 1H, H-4); -- 

Column 12, line 67, "m.p. 204°C." should be -- m.p.: 204°C. -- 

Column 13, line 7, "tetrahydronaphthyl6",should be 
-- tetrahydronaphthyl-6 -- , 

Column 13, line 11,. "2.7(m, ZH, sAr);",should be 
-- 2.7 (m, 4H,'C&Ar); -- 

Column 13, line 12, "1.7(S, 4H, sCH,Ar)." should be 
-- 1.7 (S, 4H, CIizCH&r)." 

Column 13, line 23, "(S, 3H, C02CH3)3.2'v should be 
-- (S, 3H, C02CH3); 3.2 -- 

Column 13, line 25, "11 9'C" should be -- 119'C -- 

Column 13, line 25, "is" should be -- isomers -- 

dLING ADDRESS OF SENDER: 
James J. Napoli, Ph.D. 
MARSHALL, GERmIN 8 BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 
Chicago, iliinois 60606-6357 

PATENT NO.: 5.859.004 

No. 0Faddwal copiaa: 1 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 

DATED 

INVENTOR(S) : 

5,859,006 

January X&1$399 

ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Column 13, line 29, "iso" should be -- isomers -- 

Column 13, line 59, "-thienyl))-" should be -- -thienyl) -- 

Column 14, line 44, "4-3.9(dd, lH, H-3)3.8" should be 
-- 4-3.9 (dd, lH, H-3); 3.8 -- 

Column 14, line 45, "3.2-3.l(ddd, IH, H-4)3" should be 
-- 3.2-3.1 (ddd, lH, h-4); 3 -- 

Column 14, line 46, "1.7(brs, lH, NH)" should be 
-- 1.7 (brs, lH, NH) -- 

column 14, line 52, "13, 4-b[" should be -- [3, 4-bl -- 

Column 15, line 6, "[3, 4bJ" should be -- [3, 4b] -- 

Column 15, line 11, "10.3(S, lH, NH-indole)9.4" should be 
-- 10.3 (S, lH, NH-indole); 9.4 -- 

Column 15, line 13, "3.75(5, 3H, CO$Hs) 3.1" should be 
-- 3.75 (S, 3H, C02CH3); 3.1 -- 

James J. Napoli, 
OF SENDER 
Ph.D. 

PATENT NO.: 3,U3Y,UUl 

M4RSHALL. GEfWElN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

No. of ad&ional cqdes: ‘l 

Chicago, Illinois 6060643357 



UNETED STATES PATEN,T AND TRADEMARK OFFtCE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 

DATED 

INVENTOR(S) : 

t&859,006 

January 12,1999 

ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Column 14, line 13, "3.l(m, lH, H4);"/ should be -- 3.1 (m, lH, H4); -- 

Column 15, line 18, "(3-hydroxy4-" should be -- (3-hydroxy-4- -- 

Column 15, line 22, "3-hydroxy4-" should be -- 3-hydroxy-4- -- 

Column 15, line 44, “. . .CH3)1.4" should be -- . . .CH3); 1.4 -- 

Column 15, line 57, "(Me)2)2.4" should b,& -- (Me),); 2.4 -- 

Column 15, line 58, "the isomer" should be -- the trans isomer.-- 

Column 15, line k2, "(4-nitronhenyl)" should be -- (4-nitrophenyl) -- 

Column 16, line 15, "iso" should be -- isomers -- 

Column 16, line 25, "tetrahydro6" should be -- tetrahydro-6 -- 

column 16, line 36, "[3, 4bI" should be -- [3', 4-bl -- 

Column 16, line 43, "(dd, lH, H-3) 3.8" should be 
-- (dd, lH, H-3); 3.8 -- 

PATENT NO.: 5.85~ ,UUI 
James J. Napoli, Ph.D. 
MARSHALL. GERSTEIN 8 BORUN LLP 

233 S. Wacker Drive, Suite 6300 
Sears Tower 

No. of adclitkmal twpies: 1 

Chicago, Illinois 6060643357 



. . 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Column 16, line 48, "33, 4-b]" should be -- [3, 4-b] -- 

Column 17, line 26, "(3-chloro4-*' should be -- (3-chloro-4 -- 

Column 17, line 29, "(3-chloro4-q' should be -- (3-chloro-4 -- 

Column 19, line 49, "NA2S04." should be -- Na2S04. -- 

Column 20, line 36, "dropwide" should be -- dropwise -- 

Column 21, line 1, "Idihydro-" should be -- 4-dihydro- -- 

Column 22, line 21, "methylenedioxypheriyl" should be 
-- methylenedioxyphenyl -- 

Column 22, line 26, "(0,7g," should be -- (0.7 g, -- 

Column 22, line 37, "4dibenzyloxypnenyl)" should be 
-- 4-dibenzyloxyphenyl) -- 

Column 22, line 40, "4-b)lindole" should be -- I-blindole -- 

UNITED STATES PATENT AND TRADEMARK OFFICE- 
CERTIFICATE OF CORRECTION 

PATENT NO. : 

DATED . 

5,859,006 

January 12,1999 

INVENTOR(S) : ALAIN CLAUDE-MARIE DAUGAN 

\ILING ADDRESS OF SENDER- PATENT NO.: 5,859,006 
James J. Napoli, Ph.D. 
MARSHALL, GERSTEIN 8 BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

No, of additional copies: 1 

Chicago, Illinois 60806-6357 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTtON 

PATENT NO. : 5,859,006 . 

DATED January 12,1999 

INVENTOR(S) : ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Column 22, line 45, "4.95(d,2H)3.8Sv should be -- 4.95 (d, 2H); 3.85 -- 

Column 22, line 48, "(ppm) 7.6-7" should be'-- (ppm): 7.6-7 -- 

Column 23, line 1, "-5 carboxaldehyde" should be 
-- -5-carboxaldehyde -- 

Column 23, line 50, "2-methyl6-" should be -- 2-methyl-6 -- 

Column 23, line 51, "[2'1':6.1]" should'be -- [2',1':6,1} -- 

Column 23, line 62, "hexahydro6-" should be -- hexahydro-6- -- 

Column 24, line 6, "fluoro6" should be -- fluoro-6 -- 

Column 24, line 7, "2-(2.2.2-" should be -- 2-(2,2,2- -- 

Column 24, line 33, "4methylenedioxyphenyl" should be 
-- 4-methylenedioxyphenyl -- , 

Column 24, line 63, "(2pyridyl)" should be.-- (2-pyridyl) -- 

Column 26, line 8, "4bI" should be -- 4-b] -- 

MktLlNV fi”“MZ33 “,- 3EN”ER. 

James J. Napofi, Ph.D. 
MAfSHALl. GERSTEIN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

No. of addflional copies: ? 

Chicago, f ttinois 606064357 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 

DATED 

INVENTOR(S) : 

5,859,006 

January 12,1999 

ALAlN CLAUDE-MARE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 
Patent is hereby corrected as shown below: 

Column 26, line 38, "butyl6" should be -- butyl-6 -- 

Column 27, line 28, "(4-fluorobenzyl)6-" should be 
-- (4-fluorobenzyl)-6- -- 

Column 27, line 40, "-pyrazino[[2'. . .lt should be 
-- pyrazino[Z' -- . . . 

Column 27, line 58, "N, 1 1.19%." should be -- n, 11.19% -- 

Column 28, line 29, "[3, 4b]" should be -- (3, 4-b] -- 

Coiumn 28, line 50, "benzylb" should be -- benzyl-6 -- 

Column 29, Line 13, "C, 70.93," should be -- C, 70.93; -- 

Column 29, line 17, "hexahydro6" should be -A hexahydro-6 -- 

Column 29, line 42, "[3, 4b)" should be -- [3, 4-b] -- 

Column 30, line 61, "lphenyl" should be -- l-phenyl -- 

dLtNG ADDRESS OF SENDER: PATENT NO.: 5859,004 
James J. Napoli, Ph.D. 
MARSHALL, GERSTEIN 8 BORUN LtP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

No.ofaddiionalc0pks: 1 

Chicago, Illinois 6060843357 
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UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENTNO. : 

DATED 

INVENTOR(S) : 

5,859,006 

January 12.1999 . 

ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 
/ 

Column 31, line 16, "pyrido3, 4-b]" should be -- pysido[3, 4-b] -- 

Column 31, line ‘52, "naphthyl))" should be -- naphthyl) -- 

Column 32, line 15, "N, 1 0.77%" should be -- N, 10.77% -- 

Column 32, line 26, "53.01 ;rr should be -- 53.01; -- 

Column 32, line 36, "H, 3.81 ;" should b& -- H, 3.81; -- 

Column 32, line 64, q1[2',1':6.1]" should be -- [2',1':6,1] -- 

Column 33, line 48, "11. 98%" should be -- 11.98% -- 

Column 33, line 58, "N, 1.59%" should be -- N, 11.59% -- 

Column 34, line 14, "C, 73.01;H, 6.84." should be 
-- C; 73.01; H, 6.84: -- 

column 34, line 26, *C, 71.42.H, 6.07:" should be 
-- C, 71.42; H, 6.07; -- 

AlUNG ADDRESS OF SENDER: PATENT NO.: 5,859, oaf 3 

James J. Napoli, Ph.D. 
MARSNAU, GERSTEIN & BORUN LLP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 

No. of additionid cqies: 1 

Chicago, Itlinois 60606-6357 
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UNITED STATES PATENT AND TRADEMARK OFFlCE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 

DATED . . 

INVENTOR(S) : 

5,859,006 

January t2,tQQQ 

ALAtN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 
Patent is hereby corrected as shown below: 

Column 34, line 52, "trifluoromethoxyohenyl" should be 
-- trifluoromethoxyphenyl -- 

Column 37, lines 51-52, "butylamine" should be -- isobutylamine -- 

Column 38, line 9, "[3, 4bJ" should be -- 13, 4-b] -- 

Column 38, lines 10-11, "cyclopentylamine" should be 
-- cyclohexylmethylamine -- 

Column 38, line 38, "buylamine" should be -- butylamine -- 

Column 39, line 8, "12,a* should be -- 12a -- 

Column 39, line 18, "+27.60'" should be -- +27.6* -- 

Column 39, line 49, "7.12," should be -- 7, 12, -- 

Column 40, lines 34-35, "6, 1-b]pyrido-[3-. . ." should be 
-- 6,1]pyrido[3 . . . -- 

AILING ADDRESS OF SENDER: PATENT NO.: 5,859,0a 

t NO. Of8dCSfflOli8lcopies: 
James J. Napoli, Ph.D. 
W4RSHALL, GERSTEIN 8 BORUN LLP 

233 S. Wacker Drive, Suite 6300 
Sears Tower 
Chicago, Illinois 60606-6357 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENTNO. : 

DATED 

INVENTOR(S) : 

5,859,006 

January 12,1999 

ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: 

Column 40, line .64, "(3.4-methylenedioxyphenyl)" should be 
-- (3,4-methylenedioxyphenyl) -- 

Column 42, line 10, "Pyrido" should be -- pyrido -- 

Column 42, line 24, "Pyrido" should be -- pyrido -- 

column 42, line 52, "Pyrido" should be -- pyrido -- 

Column 44, line 59, "EXAMPLE 1.15" should be -- EXAMPLE 115 -- 

Column 44, line 60, "1,2,5,6,11, . . .N should be 
-- 1,2,3,5,6,11, . . .” 

column 44, line 61, n[lp,2v:4v,5v]” should be -- [1",2":4',5'3 -- 

Column 44, line 64, "(0.8 9, 1.37 mtnol)" should be 
-- (0.8 g, 1.37 Inmol) -- 

Column 45, line 34, "dimethyl6" should be -- dimethyl- -- 

Column 45, line 43, "(2,25 mL)," should be -- (2.25 mL), -- 

MLING ADDRESS OF SENDER: PATENT NO.: 5,859,006 
James J. Napoli, Ph.D. 
MARSHALL. GERSTEIN 8 3ORUN LLP 

233 S. Wacker Drive, Suite 6300 
Sears Tower 

No.ofadditlonalcuj~I~~: 1 

Chicago, llfinois 6060645357 



UNITED STATES PATENT AND TRADEMARK OFFICE 
CERTIFICATE OF CORRECTION 

PATENT NO. : 

DATED 

INVENTOR(S) : 

5,859,006 

January 12,1999 

ALAIN CLAUDE-MARIE DAUGAN 

It is certified that error appears in the above-identified patent and that said Letters 

Patent is hereby corrected as shown below: _ 

Column 48, line 33, "10 th and 25 th " should be -- 10th and 25th -- 

Column 48, line 66, "-Antihypertensive activity in rats The 
hypotensive" should be 
-- Antihypertensive activity in rats (New line) The hypotensive -- 

\ILlNG ADDRESS OF SENDER: 
James J. Napoli, Ph.D. 
MARSw\LL, GEFtSTEtN & BORUN UP 
233 S. Wacker Drive, Suite 6300 
Sears Tower 
Chicago, Illinois 60606-6357 

PATENT NO.: 5,859,OOt 

No. of addtttonat coptes: ? 



, November 6,1997 

FOOD AND DRUG ADMINISTRATION 
Center f6r Drug Evaluation and Research 
Central Document Room 
12229 Wilkens Avenue 
Rockville, MD 20852 
Attn: Lisa Rtick, M.D. 

Division of Reproductive and UroIogic Drug Products - HFD 580 

Subject: Investigational New Drug Application 
IC35 1 -Beta Carboiine Phosphociiesterase Type 5 Inhibitor 
Indication: Treatment of Male Erectile Dysfunction 
Serial No. 000 , 

Dear Dr. Rarick: 

Enclosed pIease find, in triplicate, an Investigational New Drug Application for a Beta 
Carboiine Phosphodiesterase Type 5 Inhibitor termed JC35 1. The clinica indication covkred 
by this appiication is male erectile dysfunction. 

IC351 is an inhibitor of the cycIic GMP-specific phosphodiesterase type 5, an enzyme also 
referred to in the literature as PDES. This compound was developed during a collaboration 
between ICOS Corporatign-and Glaxo Wellcome, Ltd. As of January, 1997, ICOS 
Corporation has assumed sole responsibility for the continued development of this 
compound. 

The manufacture of IC35 1 drug substance comprises four steps which employ standard 
equipment, moderate reaction conditions, and common reagents with well-defined hazards. 
The product is a singie stereoisomer and analytical methods have been developed to ,. 
distinguish among all the possible diastereomers. 

Erection of the penis requires relaxation of the arterial and sinusoidal cavernous smooth 
muscle, thereby entrapping blood within the sinuses and restricting cavernous output. This 
requires both neuronal stimulation and vasoactive mediator reiease. It is believed that nitric 
oxide (NO), an endotheiium-derived relaxing facior (EDRF), plays a central role in this 
process. NO is an endogenous regulatory substance that relaxes smooth muscle by 
stimuiating guanyIyl cyclase, which in turn causes increases in cyclic ,ouanosine 
monophosphate (cGMP). In many cell types, including cavemosal smooth muscie, 
phosphodiesterase Type 5, or PDE5, appears to be the major enzyme responsible for the 
hydrolysis of cGMP. A compound that inhibits PDE5 will prevent cGMP cataboiism, 
thereby potentiating the relaxant effects of substances that increase cGMP in vascular smooth 
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: 

Lisa Rarick, M.D. 
Page2 .. 
November 6.1997 

muscle, such as. NO; The aim of the drug development program supporting this study was, 
therefore, to find a potent and specific inhibitor of PDE5. Such a compound should facilitate 
the achievement and maintenance-of erection by enhancing smooth muscle relaxation, 
Ieading to increased blood flow to the penis. 

In cuitured cells, IC35 1 increased the level of cGMP in the presence of agents that activate 
guanylyl cyclase. Furthermore, in the presence of a functional endothelium, IC35 1 was 
shown to relax rat aortic rings that had been precontracted with phenylephrine. When 
administered orally to hypertensive rats, XC35 1 lowered blood pressure without affecting . 
heart rate. This effect was long-lasting, and not subject to the development of tolerance on 
repeated administration. In both rats and dogs, orally administered IC351 produced no 
findings that precIudes continued clinical evaluation in humans. 

Three Phase I studies have been conducted by Glaxo Wellcome, Ltd. (Clinical Reports for 
Protocols C95-03 I, C95-050, and C95-064 are appended in Item 9 of this submission). In 
these three studies, forty-four subjects were exposed to X351 and twenty-nine to pIacebo. 
No serious adverse events associated with IC351 were reported. The most commonly 
reported adverse event was headache, with several subjects reporting severe back pain as 
well. The relationship of these adverse events to drug is unclear but cannot be excluded at 
this time. 

. 

We propose to continue the clinical evaluation of IC351 with an initial study in male erectile 
dysfunction. Protocol DSD03, entitled “A Double-Blind, Placebo-Controlled Safety and 
Efficacy Study of Twenty-one Days of Once Daily Treatment with IC351 in Patients with 
Mild to Moderate Erectile Dysfunction’* is submitted in this initial IND. The purpose of this 
study is to (1) assess the safety and tolerability to four strengths of IC351 in erectile 
dysfunction patients exposed to daily dosing for 21 days, and to determine (2) an initial 
indication of efficacy in patients with mild to moderate male erectile dysfunction, (3) the 
steady state plasma level dose proportionality of four oral strengths of IC351, and (4) develop 
insight into the dose-response relationship of effxcacy in treating erectile dysfunction. We 
propose to enrol1 three hundred patients in this multi-center study. The expected study 
duration is 3 months. 

Investigator documentation for Harin Padma-Nathan, M,D,, the Principal Investigator, is 
included in Item 6 of this submission. 

If you have any questions or comments regarding this submission, please contact me at (206) 
485- 1900 extension 2297. 

Sincerely, 

7 dfff--. 
Jeff Hesselberg, MBA 
Associate Director, Regulatory Affairs 

. 



PubIic Health Service’ 

Food and Drug Adxnhimation 
RockviIIe MD 20857 

ICOS Corporation 
2202120th Ave S.E. 
Bothell, WA 98021 

NOV i’ 7 199-r 

Dear Mr. Hesselberg: 

We acknowledge receipt of your Investigational New Drug Application (IND) submitted 
pursuant to section 505(i) of the Federal Food, Drug, and Cosmetic Act. Please note the 
following identifying data: 

IND Number Assigned: 54,553 

Sponsor: ICOS Corporation 

Name of Drug: 

Date of Submission: 

: IC351 Beta Carboline Phqsphodiesterase Type 5 Inhibitor : 1. 
November 6, 1997 . 

Date of Receipt: November 10, 1997 

Studies in humans may not be initiated until 30 days after the date of receipt shown above. If, 
within the 30-day waiting period, we identify deficiencies in the IND that require correction 
before human studies begin or that require restriction of human studies until correction, we 
will notify you immediately that the study may not be initiated (“clinical hold”) or that certain 
restrictions must be placed on it. In the event of such notification, you must continue to 
withhold, or to restrict, such studies until you have submitted material to correct the 
deficiencies, and we have notified you that the material you submitted is satisfactory. 

It has not been our policy to object to a sponsor, upon receipt of this acknowiedgement letter, 
either obtaining supplies of the investigational drug or shipping it to investigators listed in the 
IND. However, if the drug is shipped to investigators, they should be reminded that studies 
mav not begin under the IND until 30 days after the IND receipt date or later if the IND is 
placed on clinical hold. 

You are responsible for compliance with the Federal Food, Drug, and Cosmetic Act and the 
regulations implementing that Act (Title 21 of the Code of Federal Regulations). Those 
responsibilities include reporting any adverse. experience associated with use of the drug that is 
both serious and unexpected to the FDA as soon as possible and in no event later than 10 
working days after initial receipt of information; reporting any unexpected fatal or 
life-threatening experience to FDA by telephone no later than three working days after receipt 
of the information (21 CFR 3 12.32), and submission of annual progress reports (21 CFR 
312.33). 
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Please forward all future communications concerning this.IND in triplicate, identified by the 
above IND nuniber, and addressed as follows: 

Food and Drug Administration 
Center for Drug Evaluation and Research. 
Division of Reproductive and Urologic Drug Products, HFD-580 
Attention: Document Control Room 17B-20 * 
5600 Fishers Lane 
Rockviile, Maryland 20857 

Should you have any questions concerning this submission, please con&t me 
at (301) 827-4260. 

Terri Rumble B.S. 
Project Manager 
Division,of Reproductive and Urologic 

Drug Products, HFD-580 
Office of Drug Evaluation II 
Center of Drug Evaluation and Research 

. 
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ICOS C&oration 
a MD 20867 

Attention: Mr. Jeff Iftssclbarg, lkl3.k . 
X202120* Avenue, !&EE. 
Bothell, Washington 88021 . Jul. 2 9 B 

. 
Dear Mr. HeNborg: 

Please refer to your Xtivestigat~onal l&w Drug Appbti~n @ND) submitted Nwemb 6,1997, pursuant 
to s&ion SOS(i) of thp Federal Poird, Drug, and Cosmetic Act for 3C3S 1 (Beta Carbollns 
Pbosphodiesteraso ‘zsllpe 5 Inhibitor). 

We also r&r to your~aulnnissions dated December 15,1997, Mar& 13, April 24, May 21 aad iuly 3, 
1998, which piovided a full resl&tse to our December 16,1997,lett~r, which c&xl tht rtasonn fior . . 
placing this IND on clinical hold and the infarmation needed .tb resolve’the clinical hold issuas, 

We have compl&cd the K&XV ofyour submiaaions* and have c~ncludad t&t it is maaonably safe to 
initiati clinioal trial&j 

You are raminded that the study report for Protocol DSDOC should be submitted prior to proceeding with 
any additional U.S. clinical studies. 

As sponsor of this ll@, you are responsible for compliance with the Federal Food, Drug, and Cosmetic 
Act and the regulationls promulgated thereunder (Title 21 of tho Code of Federal Regulations). ‘Those 
responst%ilities include mpartin8 any uneypsoted fatal or life-threatening cxpcrienocs by telephone no 
later than three‘work$g-dAys &er receipt of the information; ruporting reactions that arc both serious 
and unexpeoted in writing within ten working days of receipt of the information (21 CFR 3 12.32) and 
submitting progress r$pork at least annually (21 CFR 3 12.33). 

If you have any questions concerning this IND, please contact Tort-i Rumblo, Projtti, Manager, at 
301-827-4260. . 

I 
! 
i 

DIE&or 
Division of Rqxoductivo and ! 
Urologic Drug Produ$s (HFD-SSO) 

Oflica of Drug Evaluation II 
Ceutar for Drug Evaluation and &tGh 

-. .._.....- -.-- -. .__“. ._._ . . .._ ._.-- _ .I .‘ _ _-.-.. 
,. 
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Lilly ICOS LLC 
C/O 

Lilly Research Laboratories 
A Division of Eli Lilly and Compan$ 

Lilly Corporate Center 
Indiin~polis, Indiana 46285 

June 28,200l 

Central Document Room 
Center for Drug Evaluation and Research 
Food and Drug Administration 
12229 Wilkins Avenue 
Rockville, MD 20852 

Original Application, NDA 21368 

Re: NDA 21368, Ciaiis (IC351, tadalafil) - Initial Submission 

This letter accompanies submission of an original New Drug Application @ IDA) for 
Cialis, a PDES inhibitor, for the indication of erectile dysfunction. This NDA is 
submitted in electronic format according to the January 1999 “Guidance for Industry 
Providing Regulatory Submissions in Electronic Format - NDAs.” As specified in this 
Guidance, a paper review copy containing I 15 volumes is included in this submission. 
As discussed in a’teleconference between Dornette Speli-LeSane (FDA) and Susan 
SuIlivan (Lilly ICOS), four paper desk copies of volume 1.1 are also provided. 

Substantial evidence of effectiveness supporting the use of CiaIis for the treatment of 
erectile dysfunction is provided in the enclosed application based on six primary 
randomized, double blind, placebo-controlled studies (LVDJ, LVCO, LVCQ, LVBK, 
LVBE, and LVBN). 

Lilly ICOS has met with FDA personnel on a number of occasions to discuss the 
development program for Ciaiis since ICOS Corporation’s filing the IND for this drug on-. _ 
November 6,1997. The interactions and agreements from those meeting are outlined in 
the Application Summary, I-I.2.1, Regulatory History and.kgreements. . )- 

The complete NDA is provided in electronic format on digital tape. The submission size 
is approximately 3.3 gigabytes. Al1 electronic media have been checked by 
representatives of Lilly ICOS Information Technology and have been verified to be free 
of known viruses. The virus checking software was McAfee VirusScan version 40.2 
using Virus Definitions 4.0.4136 created on 2 May 2001. 

The User Fee of $309,647.00 for this submission has been paid under User Fee number 
4124. Form 3397 has been provided. 

a351 (LY450190) cwertetter 
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A Debarment Certification has been provided. 

. Reference is made to the agreement between FDA and Lilly ICOS with respect to the 
reporting of financial information for investigators who participated in the pivotal 
efficacy and bioequivalence trials. This agreement is summarized in the Regulatory 
History and Agreements section of the Application Summary of this NDA. Forms 3454 
and 3455 have been provided along with accompanying information as requested by 
FDA. 

To co-ordinate our activities with yours, we suggest that any facsimile (FAX) or other 
written communications, concerning this file, regardless of subject, be directed to: 

Gregory T. Brophy, Ph.D. 
Director 
U . S . Regulatory Affairs 
Lilly Research Laboratories 
Lilly Corporate Center 
Indianapolis, IN 46285 

FAX number: (3 17) 433-2255 

Any calls regarding this submission should be made to: 

Catherine A. Meifi, Ph.D. 
(3 17) 277-2905 (work) 
(3 17) 843-2369 (home) 

or alternatively you may reach Dr. Melfi via E-mail at melf!i@ lilly.com. 

In the case of Dr. Meifi’s absence please contact: 

Susan Sullivan 
(425) 415-5649 (work) 
(425) 379-9698 (home) 

. . . - 

You may also contact: 

Gregory T. Brophy, Ph.D. 
(3 I?) 277-3799 (work) 
(3 17) 335-7360 (home) 

Any calls relating to functionality of the electronic portion of the submission should be 
made to: 

IC351 (LY450190) cwerLettar 
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Patrick Q . Mooney 
(3 17) 276-0586 (work) 
(3 17) 272-3528 (home] 
(3 17) 33 l-3096 (cell phone) 

Page 3 
Confidimtial 

On holidays, Saturdays, or Sundays, call Dr. Melfi, Ms. Sullivan, or Dr. Brophy at home 
using the telephone numbers indicated. t 

Close liaison between the representatives of Lilly ICOS listed above will result in any 
messages, no matter how received, being brought to the attention of ail concerned. 

Sincerely, 
Lilly Research Laboratories on behalf of Lilly ICOS LLC 

75 

Direcdh 
U. S. Regulatory Affairs 

Enclosures 

cc: 4 Desk copies: volume 1.1 only 
Ms. Domette Spell-LeSane 

lc351 (LY45also) CoarLfitter 
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NDA 21-368’ 

Lilly ICOS 
Attention: C3rcgoryBrophy, Ph.D. . 
~~to!yAfi#dn3 ’ 
Lirly Res&oh LaboraMries 
Lwcolparek- 
Indianapoliki, IN 46285 

Dear Dr. Brophy 

We have received your new dntg application (NDA) submitted uutkr section SOS(b) ofths Federal Food, Drug, 
and Cosmetic Act for the following: 

Name of Drug Product: CiaIie (X35 1, tadalafl) 20 mg tablets 

Review Priority Clas6ifioadoa; standard (S) 

Date of Application: June 28,200l 

Date of Receipt: 

’ OurReiTieii~Number. 

.hnc 29,2001 

NDA 21-368 ’ 

Unlees we noti@ you within 60 day of our reoeipt date that the appHoation is not suffioiently complete to permit 
a substantive review, this application will be filed under section 505(h) c&he Act on August 28,2001 in 
acuxdancewith21 ~314,1Ol(a). Iftheapplicationisfiled,theprim;liryuserfaz~&atewillbaA~l29, 
2001 and the secondary user fix goal & win be June 29,ZOOi. 

Be advised that, as of April 1,1999, aIl applications fnr new active in8redients, new dosage fbrms, new 
indioations, new routes of administrati~, and new d&ii re8imens an required to contain an msment oftbe 
safety and efRHivenes# of the product in pediatric patients unless this nx&cment is waived or d&-red (63 I?& 
66632). If you have not already iklfilkd the requirements of 21 CFR 3 14.55 (or 601..27), please submit your 
plans for pediatric drug dev&pment withii 120 days ikom the date of this letter unless you believe a waiver is 
8ppropriute. WMn approximately 120 days of reuipt of your pediatrio * developrn& plan, we will review 
your plan and not@ you of its adequacy. . I 

I$ you believe that this dzug qualifies fat a waiver of the pediatric study requirement, YOU should submit a request 
for a wakr with supporting information and documentation in accordance with the provisions of21 CFR 314.55 
within 60 days fkom the dnte of this let&. We will m&e a dckmination whether b grant or deny ,a request %r a 
waiver of pediatrio studies during the review of the application. in no C(IS(C, ho%%%‘, will the d&c&nation be 
made later than the date action is taken on the applicatio& ff a waiver is not grant& we will ask you to submit 
your pediatric drug development plan8 witbin 120 days from thy date of denid of the waiver. 

Pediatric studies conducted under the m of section 30% oftbe Federal Food, Drug, end Cosmetic Act may 
restit in additional marketing mclusivity for certain producb (pediatric exclusivity). You should refer to the 
Guidance for I&by on Quali@4ngjbr Pedk#ric ELchrsi%$v (available on our web siteat 

fdanov/cder/nediatric) for details, If you wish to quaMy for pediatric exclusivity yo 
R~~~~~ 13 288 



“Fropased Pediatriu Study Request” (PPSR) iu addition to yourpti Ear pediatrio drug development dwr&W 
above, We reoommend that you wbmlt a Pmposad PedWric Study Rw within 120 days fiwn tba date of&is 
&tier. IfyapareuzlabtCfamsetthfstime&Imebutareintenradinpsatiatrio~~ivityppfeatenorifjrthc 
cli~inion in wxiting, FDA generally will not accept utudics s&mitt& to an NDA bcf& isswscc of a Written ’ 
Rquestas mponsivcboa?%ittmRquest Spoxms&wldobminaWrfaenRquastbefMcsu~ 
pediatric s&dies b an MM. If you do not submit a PPSR or indicate t&t you are hhmsted in p&&tic 
exclusivity,wewinreviewydurped~~cBntgdeveloplsrsntplanand~otipy~~fitssdtquaoy. Plsesenotethat 
satisfsction ofthercquircmeats in 21 Cl?R 314.55 alone may not qual~youforpediatric ex&sivity:FDA does 
not xiumwily ask a sponsor to wn-@ta the same scope of studies to qualify for ped+atric ex&asivQ as i? does 
to fwill the raquimlents of the pediatric nrle, 

under21 cFR314~1o2(c)ofthenewdnrgregulrrtions;you~~~anLnfomraloanfatencewil$thio 
Division (to b? held approximately 90 days &rm tbe above w date) fix a briefmpottpa the status oftbe 
review but not on the a@plicatioa’s ubti a&mhbility. AltwGtively, you may choose’ to rwcive such a report 
by telephone, 

Please cite rhe NDA number listed above at the top of the tit page of any communications cowrning this 
application. All comunicationrr conoerning this NDA &ouid be addrwsed as fo%nw 

. Postal/c.ou,rlcrfbvemiQht Ma il: 

Food and Drug Administration 
Centu fix Drug Evaluation and Rtsczucb 
Division of Reproductive and Urologic Drug Products. HIV-580 
Attention; Division Document Room 
5600 R6hers Lam 
Rockdlle, Mazyland 20857 

If you bave any questions, call me at (301) 8274260, 

Dornette Sjwll-LeSaae, NP-C 
Regulatoryprqj~M~ 
Division of Reproducthe and Urologio Dtug prodwto 
oflic8ofmgEvaluatianlll 
Centa fbr Drug Evaluation &ad Research 



DEPARTMENT OF HEALTH & HUMAN SERVICES Public Health Service 
Food and Drug Adminlsbstion 
Roclwilie, MD 29857 

NDA 21-368 

Lilly ICOS LLC 
Attention: Catherine Mel& Ph.D. 
U.S. Regulatory Affairs 
Lilly Research Laboratories 
Lilly Corporate Center 
Indianapolis, IN 46285 

Dear Dr. Mel% 

Please refer to your new drug application dated June 28,2001, received June 29,2001, submitted 
under section 505(b) of the Federal Food, Drug, and Cosmetic Act for Cialis@ (tadalafil), tablets 5mg, 
1 Omg and 20mg. 

We acknowledge receipt of your submissions dated June 28, July 24, August 27, September 10, 17, 18, 
and 25, October 1,22., 25, and 30, November 5, and December 6,200l; January 14 and 23, February 1, 
6,26, and 28, March 4,6,12,18,20,22, and 25, April 1,4,5, and 16, May 10 (2), 14,16, 24, and 30, 
June 6,13, and 28, August 6,8,22, and 26, September 5,12,24, and 30, November 15 and 27,2002, 
February 13, April 16 and 24, May 16,27, and 30, June 5,17,24, and 26, July 15 and 22, August 7, 
11,19, and 29, September 11, October 9, 14,15,20 (2$, and 24 (2), and November 5, 11,12, 17,19, 
and 20,2003. 

The May 27,2003 submission constituted a complete response to our April 29,2002 action letter. 

This new drug application provides for the use of CialisQ (tadalafil) tablets for the treatment of erectile 
dysfunction. 

We completed our review of this application, as amended. It is approved, effective on the date of this 
letter, for use as recommended in the agreed-upon labeling text. 

The final printed iabeling (FPL) must be identical to the enclosed labeling (text for the package insert, 
text for the patient package insert). Marketing the product with FPL that is not identical to the 
approved labeling text may render the product misbranded and an unapproved new drug. 

Please submit an electronic version of the FPL according to the guidance for industry titled Providing 
Regulatory Submissions in Electronic Format - NDA. Alternatively, you may submit 20 paper copies 
of the FPL as soon as it is available but no more than 30 days at&r it is printed. Individually mount 15 
of the copies on heavy-weight paper or similar material. For administrative purposes, designate this 
submission “FPL for approved NDA 21368.” Approval of this submission by FDA is not required 
before the labeling is used. 


